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SUMMARY 


The  State  of  the  Art  of  Building  Insulation  Thermal 
Performance  is  reviewed  briefly,  which  shows  a lack  of  test  data 
on  the  effect  of  construction  anomalies.  A five  phase  Research 
Program  is  outlined,  of  which  Phase  I was  funded  by  the  current 
contract  with  the  U.  S.  Department  of  the  Navy,  Civil  Engineering 
Laboratory,  Naval  Construction  Battalion  Center. 

This  is  the  Final  Report  which  covers  the  research  conducted 
under  the  Phase  I program.  It  includes  all  of  the  test  data  and 
otner  information  contained  in  the  Monthly  Progress  Reports  issued 
during  the  course  of  the  Phase  I contract. 

The  Scope  of  the  Phase  I program  included  the  investigation 
of  the  effect  on  the  thermal  performance  of  various  construction 
anomalies  found  in  residential,  light-frame  building.  Six  Wall 
and  four  Ceiling  Panels  were  constructed  and  tested.  Two  of  the 
Wall  Panels  (with  R-11  and  R-7  insulation)  and  one  of  the  Ceiling 
Panels  (with  R-19  insulation)  were  constructed  with  no  anomalies 
and  served  as  a comparison  standard  for  the  panels  with  anomalies. 
The  details  of  construction  of  the  standard  panels  and  the 
anomalies  were  selected  from  a great  many  possibilities  as 
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representative  of  U . 3.  Navy  residential  construction  during  the 
1950-1969  period.  Photographic  documentation  of  the  construction 
details  of  the  test  panels  has  been  provided. 

Thermal  performance  was  measured  in  the  Johns-Manville 
Research  Center  Guarded  Hot  Box,  according  to  the  test  procedure 
requirements  of  ASTM  C-236.  This  apparatus  is  capable  of 
performing  thermal  tests  with  various  orientations,  i.e.,  vertical 
wall  panels  with  horizontal  heat  flow  and  horizontal  ceiling 
panels  with  heat  flow  upward  or  downward.  The  standard  panels, 
witnout  anomalies,  were  tested  at  three  mean  temperatures,  45°F 
mean  (winter  conditions) , mean,  and  95°F  mean  (summer) . The 

panels  with  anomalies  were  tested  at  45°f  mean  only. 

Tne  adverse  effects  of  anomalies  were  found  to  be  more 
significant  for  walls  with  R-7  insulation  than  with  R-11,  because 
of  the  opportunity  for  convection  with  R-7  wall  insulation.  Adding 
an  electrical  box  reduced  the  thermal  resistance  ("R"  value) 

9 percent  with  an  R-7  wall;  it  had  negligible  effect  on  the  R-11 
wail.  The  R-7  wall  with  4.2  percent  uninsulated  area,  located  half 
at  tne  top  and  half  at  the  bottom  of  the  test  area,  had  a 
id  percent  loss  in  "R"  value.  The  R-11  wall,  also  with 
4.2  percent  uninsulated  area,  but  centrally  located,  had  a 
13  percent  loss  in  thermal  resistance. 
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Tile  standard  ceiling  panel  (R-19  insulation  without 
anomalies)  had  about  the  same  thermal  resistance  for  upward  as  for 
downward  heat  flow  at  the  same  mean  temperature.  The  effect  of  a 
4.2  percent  open  or  uninsulated  area  was  to  reduce  thermal 
resistance  oy  34  percent  (increase  heat  loss  by  50  percent).  The 
R-lJ  ceiling  panels  with  1-inch  insulation  overlap  and  with  an 
electrical  fixture  added  had  negligioie  change  in  thermal 
performance. 

Calculated  values  of  thermal  performance  using  ASHRAE 
procedures  for  walls  were  found  to  be  in  good  agreement  with 
measured  values.  The  agreement  was  excellent  when  actual  thermal 
test  data  for  the  various  components  was  used  in  the  calculations 
rather  than  nominal  or  average  values.  The  agreeinent  between 
calculated  and  measured  values  was  only  fair  for  the  ceiling 
panels. 

The  USN/CEL  Naval  Construction  Battalion  personnel  are  to  be 
congratulated  for  their  foresight  in  recognizing  the  need  for 
detailed  data  on  tne  effect  of  construction  anomalies  on  tnermal 
performance,  and  for  their  willingness  to  fund  this  research 
program.  The  results  should  provide  valuable  information  for  both 
the  U.  3.  Navy  and  the  broader  civilian  energy  conservation 
programs.  Recognition  is  also  due  tne  Johns-Manville  Research 
Center  Thermal  Conductivity  Laboratory  personnel  for  their 
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willingness  to  persevere  in  their  goal  of  reliable  thermal  test 
data  in  spite  of  many  problems  beyond  their  normal  control. 
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BACKGROUND 


The  future  cost  and  availability  of  energy  has  heightened  the 
interest  in  tne  effectiveness  of  energy  conservation  measures. 

One  area  of  particular  concern  is  the  conservation  of  building 
heating  and  cooling  energy  through  installation  of  thermal 
insulation.  A part  of  this  concern  is  the  effectiveness  of  these 
field  installed  building  energy  conservation  measures,  as  compared 
with  the  theoretical  effectiveness  based  on  laboratory 
determinations . 

The  State  of  the  Art  has  advanced  to  where  it  is  possible  to 
measure  in  the  laboratory  with  great  accuracy  the  thermal 
conductivity  of  thermal  insulations  and  other  materials  used  in 
building  construction.  In  addition,  studies  reported  in  NBS 
Building  Science  Series  77  have  shown  that  the  laboratory 
measurement  of  the  thermal  conductance  of  composite  ouilding  wall 
structures  by  means  of  tne  Calibrated  Hot  Box  agree  closely  with 
that  calculated  from  conductivity  data  using  recognized  A3HRAE 
methoos.  Similar  agreements  have  been  achieved  with  tne  Guarded 
Hot  Box. 


5 


However,  a major  area  of  uncertainty  in  predicting  the  actual 
field  thermal  performance  of  building  structures  is  the  effect  of 
installation  and  construction  anomalies.  It  is  well  known  that 
tne  field  installation  of  insulation  materials  in  particular,  and 
building  construction  practices  in  general,  can  deviate 
suDstantially  from  the  ideal  as  far  as  energy  conservation  is 
concerned.  For  example,  estimates  have  indicated  for  a 
well-constructed  residence  that  on  the  average,  one-third  of  the 
heat  loss  is  through  doors  and  windows,  one-third  through  the 
structure,  and  one-third  as  a result  of  infiltration.  It  is 
suspected  that  individual  buildings  can  deviate  substantially  from 
these  general  averages,  depending  on  construction  deficiencies  and 
anomalies.  The  actual  quantitative  effect  of  construction 
deficiencies  on  the  overall  thermal  performance  of  a building  has 
not  oeen  adequately  investigated. 

The  scope  of  this  work  is  limited  to  certain  basic  steps  that 
will  begin  the  process  of  bringing  the  confidence  level  of  field 
testing  and  performance  predictions  up  to  those  associated  with 
laboratory  Calibrated  Hot  Box  testing.  It  is  recognized  that  much 
work  must  be  dona  by  the  insulation  and  construction  industries, 
and  associated  testing  laboratories  through  committees  and  round 
robin  test  programs.  It  is  expected  that  this  effort  will  help 
Dting  the  broader  industry  program  into  focus  while  providing 
information  directly  applicaole  to  improving  field  testing  and 
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performance  prediction  capabilities,  particularly  as  applied  to 
Navy  residential  ouildings. 
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OVER?\LL  RESEARCH  PROGRAM 


Tne  originally  proposed  overall  Research  Program  has  been 
divided  into  Five  Phases.  While  this  description  outlines  all 
Five  Phases,  only  Phase  I has  been  funded  intitially. 


Pnase  I consists  of  the  development  and  tasting  of  a series 
of  "standard  test  panels"  for  use  in  a Guarded  Hot  Box.  Each 
panel  would  incorporate  an  anomaly  commonly  found  in  typical 
residential  type  wall  and/or  ceiling  construction.  As  proposed, 
these  anomalies  would  include,  out  not  necessarily  be  limited  to: 

A.  Electrical  Outlet 

3.  Electical  Switch 

C.  Conduit 

D.  Soil  Pipe 

E.  Incomplete  Insulation  Area  Coverage 

F.  Improper  Vapor  Barrier  Application 


Tne  dimensions  of  the  panels  would  be  large  enough  to 
accurately  represent  the  particular  anomaly  and  its  surrounding 
wall/ceiling  area.  Adequate  test  data  would  be  obtained  so  that 
these  panels  can  be  used  as  reference  standards  for  comparison  of 
actual  to  theoretical  heat  losses,  and  for  further  use  in  the 
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subsequent  Phases  of  the  program.  The  end  products  of  this  Phase 
will  include  the  "standard  test  panels"  plus  a report  documenting 
their  development  and  test  results  as  compared  to  ideal  panels 
without  anomalies. 

Phase  II  would  consist  of  the  development  of  a simplified 
device  to  measure  heat  flow  through  large  areas.  This  device 
snould  oe  aole  to  accurately  measure  heat  flows  through  an  area  in 
excess  of  four  square  feet,  and  be  easy  to  handle  and  use.  It 
snould  nave  more  rapid  response  than  a Guarded  Hot  Box.  Upon 
completion  of  the  device,  it  should  be  calibrated  under  steady 
state  conditions  against  a variety  of  standard  samples  including 
wail  and  ceiling  sections  with  and  without  anomalies. 

Investigation  of  tne  effects  of  transient  conditions,  and 
development  of  a method  for  utilization  of  the  device  to  obtain  a 
net  neat  flow  over  a fixed  period  of  time  are  also  part  of  this 
Phase.  The  end  products  of  this  Phase  would  include  the  large 
area  heat  flow  measuring  device,  documentation  of  its  performance, 
ana  a report  on  how  and  when  it  may  be  used. 

Phase  III  would  consist  of  the  correlation  of  available  field 
type  heat  f ? ow  measurement  devices  using  the  standard  test  panels 
aeveloped  in  Pnase  I.  These  devices  should  include  IR  imaging, 
heat  flux  meters,  and  other  similar  devices  to  be  defined  at  the 
time  this  Pnase  is  negotiated.  The  end  product  of  this  Phase 
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would  oe  a report  delineating  the  areas  of  applicability  and  the 
reliaoility  of  the  latter  for  each  of  the  types  of  devices  tested. 

Pnase  IV  would  consist  of  an  experimental  investigation  to 
determine  tne  air  infiltration  through  typical  walls  and  ceilings 
due  to  construction  practices,  and  also  due  to  the  presence  of 
certain  common  anomalies.  The  end  result  would  be  a report 
relating  the  amount  of  air  infiltrating  tnrough  a particular 
construction  with  a given  pressure  differential.  Details  of  which 
specific  construction  practices  and  anomalies  are  to  be 
investigated  would  be  developed  after  completion  of  Phase  I. 

Pnase  V would  consist  of  an  analysis,  using  the  results  of 
the  first  four  phases,  to  identify  which  anomalies  and 
construction  practices  result  in  the  largest  energy  losses  and  to 
quantify  these  losses  for  typical  structures.  This  Phase  would  be 
specifically  oriented  toward  Navy  residential  construction. 
Practical  methods  for  correcting  deficiencies  and  anomalies  would 
oe  developed  for  botn  new  and  retrofit  construction. 

Consideration  would  oe  given  to  the  cost  effectiveness  of  the 
proposed  corrective  measures.  The  end  product  of  this  Phase  would 
oe  a report  documenting  the  work  conducted  in  this  Phase. 

The  above  description  covers  the  entire  Research  Program  in 
order  to  present  a complete  overall  view.  It  is  anticipated. 
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however,  that  minor  modifications  of  the  latter  Phases  will  be 
desirable  in  view  of  the  experience  of  the  early  Phases. 
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PHASE  I 


RESEARCH  SCOPE 


Initial  discussions  with  the  U.  S.  Department  of  the  Navy, 
Civil  Engineering  Laooratory,  Naval  Construction  Battalion  Center 
personnel  indicated  considerable  effort  had  been  expended  on 
analyzing  energy  conservation  means  for  a wide  variety  of  Navy 
buildings.  However,  they  felt  that  in  view  of  the  very  large 
numoer  of  family  nousing  buildings  (Category  Code  711) , this  area 
had  not  received  sufficient  attention.  This  Research  Program  was, 
therefore,  focused  on  this  building  type. 

Within  the  continental  United  States,  Navy  family  housing 
units  were  described  as  typically  built  using  similar  construction 
metnods  to  civilian  residential  building  in  the  same  geographic 
area.  This  both  characterizes  the  details  of  construction  used 
and  expands  the  usefulness  of  the  data  developed  in  this  program 
to  the  much  larger  civilian  residential  sector.  Also,  while  the 
narrow  scope  of  the  Research  Program  was  aimed  at  housing  units, 
the  same  general  type  of  construction  used  in  housing  is  also 
found  in  many  other  types  of  light  frame  non-residential  building 
both  within  and  outside  the  Navy.  Thus,  the  usefulness  of  tne 
data  developed  by  this  Research  Program  is  further  expanded. 
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A typical  Navy  family  housing  unit  was  descriOed  as  a 
two-story,  four-unit,  three  bedroom  townhouse  built  within  the 
20  year  period  1950  to  1969. 

The  Research  Scope  is  limited  to  tne  wail  and  ceiling  portion 
of  the  Duilding  envelope.  Consideration  of  heat  loss  through  the 
doors  and  windows  portion  of  the  building  envelope  is  outside  the 
scope.  Also  outside  the  scope  is  the  effect  of  moisture 
condensation  within  the  insulation  resulting  from  an  inadequate  or 
improperly  installed  vapor  barrier.  The  test  program  will  provide 
data  on  typical  wall  and  ceiling  constructions,  under  steady  state 
neat  flow  conditions,  with  a simulated  winter  (heating  season) 
temperature  exposure. 
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PHASE  I 


RESEARCH  OBJECTIVE 


AS  descrioed  in  the  section  entitled  "Overall  Research 
Program",  the  general  oojective  of  Phase  I was  the  development  and 
testing  of  a series  of  test  panels  that  could  be  used  as 
references  for  the  subsequent  phases  of  the  overall  program. 

Tnese  panels  would  be  used  in  the  calibration  of  the  heat  flow 
measuring  device  to  be  developed  under  Phase  II.  They  would  be 
needed  as  references  in  Phase  III  where  various  field  type  heat 
flux  measurement  devices  would  be  correlated.  In  Phase  IV,  the 
investigation  of  air  infiltration  would  involve  comparison  of 
field  versus  test  panel  performance 

The  numerical  goal  of  test  panels  to  be  developed  and  tested 
under  Phase  I was  set  at  ten.  This  would  allow  for  three 
"Reference"  Test  Panels,  one  Ceiling  and  two  Wail  constructions. 
Tnese  panels  would  be  constructed  without  any  anomalies.  The 
measured  thermal  resistance  of  these  panels  would  be  expected  to 
confirm  that  calculated  by  ASHRAE  methods.  These  "ideal"  panels 
will  serve  as  a reference  for  direct  comparison  of  the  effect  of 
construction  anomalies,  to  be  evaluated  in  the  remaining  seven 
panels . 
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After  only  a cursory  consideration  of  the  number  of  typical 
construction  anomalies  to  be  characterized,  it  became  very 
apparent  that  the  test  panels  with  anomalies  should  not  be 
completely  "fixed"  in  the  sense  that  the  three  reference  panels 
miijht  oe,  out  rather  should  readily  permit  future  optional  changes 
in  construction.  Only  by  providing  for  future  ready  modification 
of  the  test  panels  with  anomalies  can  all  of  the  expected 
interaction  effects  be  investigated  adequately  under  Phases  II, 
III,  and  17. 

Seven  test  panels  were  to  be  built  with  anomalies,  three  of 
ceiling  construction,  four  of  wall  construction.  Details  of 
construction  are  discussed  in  the  next  section  entitled 
"Phase  I - Test  Rationale." 

In  addition  to  tne  construction  of  tne  three  Reference 
Panels,  and  the  seven  panels  with  anomalies.  Phase  I includes  the 
Guarded  Hot  Box  testing  of  these  ten  panels  according  to  A3TM  Test 
Method  C-236  under  winter  season  conditions,  70°F  warm  surface 
temperature,  20°F  cold  surface,  45°F  mean  temperature.  The  test 
report  to  oe  issued  was  to  include  overall  heat  flux  and  panel 
conductance  data.  In  addition,  the  report  was  to  include  a 
comparison  between  measured  and  calculated  data  for  the  reference 
panels,  and  an  evaluation  of  the  effect  of  the  anomalies  tested. 
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PHASE  I 


TEST  PANEL  RATIONALE 


As  a part  of  this  Research  Project,  an  assignment  was  placed 
on  the  Johns  .4anville  Corporation  Information  Service  to  determine 
typical  civilian  residential  wall  and  ceiling  construction  for 
four  major  areas  of  the  United  States  for  tne  20  year  time  period 
1J50  to  1^6)).  Special  consideration  was  to  be  given  to  typical 
insulation  practice. 

Various  alternate  constructions  that  might  oe  considered 
"typical"  for  residential  buildings  falling  within  scope  of  this 
Research  Project  have  been  tabulated  in  Table  1 (walls)  and 
Taole  2 (ceilings).  The  following  references,  coupled  with 
Jonns-Manville  experience,  were  used  in  the  tabulation; 

NAHB  Builder  Practices  Study  (1973)  NAHB  Research 
Foundation,  Rockville,  Maryland 
Characteristics  of  FHA  Operations  Under  Section  203 
for  1973,  RR:250,  HUD  30R-3 
Characteristics  of  New  Housing  (1975), 

U.  S.  Department  of  Commerce,  Bureau  of  Census, 

C-25-75-13 
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TABLE  1 


TYPICAL  WALL  CONSTRUCTION 

Interior  Facing  - 1/2-inch  Gypsum  Board 
Structure  - 2x4  Studs,  16-inch  OC 

0- inch  Thick  without  Vapor  Barrier 

2-inch  (R-7)  Glass  Fiber  Batt  with 
Kraft  Vapor  Barrier 

3 1/2-inch  (R-11)  Glass  Fiber  Batt 

with  Kraft  Vapor  Barrier 

1x8  T&G  Boards  + Sheathing  Paper 
1/2-inch  Insulation  Board 
3/8-inch  Plywood 

4-inch  Brick  + 1-inch  Air  Space 
1x8  Wood  Siding 

1- inch  Stucco  on  Mesh  (Without  Sheathing) 

Alt. 

1/2-inch  Gypsum  Board,  2x2  Furring,  8 x 8 x 16  Concrete/ 

Cinder  Block 


Insulation 


Sheathing 


Exterior  Facing 


TABLE  2 


TYPICAL 

Interior  Facing 

Structure 

Insulation  - ' 


CEILING  CONSTRUCTION 


1/2-inch  Gypsum  Board 

2x4  Chord  Trusses,  24-inch  OC 
2x6  Joists,  16-inch  OC 


0-inch  Thick  without  Vapor  Barrier 

3 1/2-inch  (R-11)  Glass  Fiber  Batt 

with  Kraft  Vapor  Barrier 

2-inch  (R-7)  Rock  Wool  Batt  with  Kraft 
Vapor  Barrier 

6-inch  (R-19)  Glass  Fiber  Batt  with 
Kraft  Vapor  Barrier 

4-inch  Blown  (Loose)  Mineral  Wool 
without  Vapor  Barrier 
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For  the  entire  period  under  study,  2 by  4 studs  spaced 
io-inch  on  center  were  the  typical  fraine  wall  construction.  For 
Northern  climates,  typically  2-inches  (R-7)  of  fiber  glass  batt 
insulation  would  have  been  installeo  for  the  early  portion  of  the 
time  period,  i i/2-inches  (R-11)  for  the  latter  portion.  For 
milder  climates,  early  construction  would  have  had  no  cavity 
insulation,  whicn  was  typically  increased  to  2-inches  during  the 
latter  portion.  At  present,  nearly  all  new  construction  for  all 
areas  would  nave  i 1/2-inch  (R-ll)  batts  installed  in  the  wall. 

Wall  sheathing  used  initially  typically  was  T&G  boards  in 
combination  with  a vapor  permeable  sheathing  paper  such  as 
15-pound  asphalt  saturated  felt.  Now,  1/2-inch  insulating 
sheathing  board  is  used  commonly  with  some  plywood  sheathing, 
especially  in  lieu  of  corner  bracing. 

Ceiling  construction  for  the  early  portion  of  the  time  period 
was  typically  2 oy  6 joists,  16-inch  on  center.  Presently,  nearly 
all  ceiling  construction  is  trusses,  other  than  lower  floors  of 
multi-story  buildings,  24-inch  on  center,  with  2 by  4 chords. 
Typical  insulation  would  have  been  2 or  3 1/2-inches  initially 
with  3 1/2  or  6-inches  for  later  construction,  with  the  lesser 
amounts  used  in  milder  climates.  Currently,  most  construction  has 
at  least  6-incii  thick  ceiling  insulation  with  much  of  it  installed 
as  a loose  fill  rather  than  batts. 
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Appendix  A snows  tiie  1954  FHA  Minimum  Property  Requirements 
for  insulation  for  tlie  Rocky  Mountain  Region.  This  is  of  interest 
since  the  region  covered  has  a wide  variety  of  climate  conditions, 
ranging  from  outside  design  winter  temperature  of  -36°f  or  less  to 
greater  than  +36°F.  The  minimum  ceiling  insulation  acceptable  is  a 
d factor  of  0.15,  which  is  met  by  a fibrous  insulation  thickness 
of  less  than  2- inches.  The  minimum  wall  requirements  are  also 
easily  met  since  a wall  constructed  of  1/2-inch  by  3-incn  wood 
siding,  1/2-inch  insulation  board  sheathing,  2 by  4 stud  space 
witnout  insulation,  and  i/2-inch  gypsum  board  has  a 
U factor  of  0.22.  This  was  satisfactory  at  that  time  for  outside 
design  temperatures  down  to  -25°F.  The  minimum  wall  and  ceiling 
insulation  requirements  however,  would  not  necessarily  meet  the 
total  maximum  heat  loss  requirement  of  Sec.  402-A-l. 

In  1959,  the  "All  leather  Comfort  Standard",  included  in 
Appendix  3,  was  developed  primarily  for  electrically  heated 
nouses.  It  was  sponsored  by  a number  of  utilities  and  trade 
associations  such  as: 

dSMA  (National  Electrical  Manufacturers  Association)  , 

MAriB  (National  Association  of  Home  Builders) , 

MMWA  (National  Mineral  Wool  Association)  , 

EEI  (Edison  Electric  Institute),  and  others. 
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rne  All  Weather  Comfort  Standard  recommended  heat  loss  values  and 


tnerraal  performance  values,  (Appendix  3,  Table  I,  "Recommended 
Heat  Loss  \/alues"  and  Table  II,  "Thermal  Performance  Values  for 
\/arious  Building  Sections"  of  All  Weather  Comfort  Standard)  that 
are  much  more  strict  than  tne  earlier  FHA  Standard.  A ceiling  U 
factor  of  0.05  would  require  a 6 l/2-inch/R-19  fibrous  insulation 
oatt.  Tne  frame  wail  requirements  of  U = 0.07  would  mean  a 
i 1/2-inch/R-ll  batt. 

Aoout  the  same  time  (1955)  , NMWA  also  recommended  insulation 
values  for  gas  and  oil  heating  and  minimum  comfort  (Appendix  B, 
Taole  A,  "Recommended  Installed  Resistance  (R)  Values  of 
Insulation"  of  All  Weather  Comfort  Standard)  in  addition  to 
electrical  heating.  As  expected,  the  insulation  recommendations 
for  oil  and  gas  heating  were  substantially  less  than  for 
electr ical . 

The  revised  FHA  Minimum  Property  Standards  (1959)  and  (1965) 
increased  the  insulation  requirements  oy  lowering  the  maxim jm 
permitted  total  hourly  heat  loss  (Appendix  C,  "Minimum  Property 
Standards  for  One  and  Two  Living  Units") ; 

6U  BTU/hour/square  foot  floor  area  (1954) 

50  STU/hour/square  foot  floor  area  (1959) / (1965) 

40  BTU/hour/square  foot  floor  area  (1959) / (1965) 

(Electric  Heating) 
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The  aDO\/e  documentation  confirms  the  validity  of  the  typical 
insulation  practice  descrioed  in  Table  1 "Typical  Wall 
Construction"  and  Table  2 "Typical  Ceiling  Construction". 

Construction  anomalies  likely  to  have  a significant  affect  on 
wall  and  ceiling  thermal  performance  have  been  tabulated  in 
Tables  3 and  4.  The  above  are  to  be  considered  anomalies  in  the 
sense  that  they  are  not  accounted  for  in  tne  usual  ASHRAE 
calculations,  wnich  make  an  allowance  only  for  stud  or  joist 
through  conduction.  The  tabulations  in  Taoles  3 and  4 are  not  to 
oe  considered  anomalies  in  the  sense  that  they  are  atypical,  for 
they  are  in  fact,  very  real  parts  of  residential  construction. 
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TABLE  3 


COMMON  WALL  CONSTRUCTION  ANOMALIES 


Sheathing/Sheath  Paper  - Discontinuities 


Electric  Wiring 


Parallel  to  Studs 

Perpendicular  to  Studs 

Wall  Box  with  Receptacle/Switch 


Plumbing 


Supply  Parallel  Studs 

Supply  Perpendicular  Studs 

DWV  Parallel  Studs 

DWV  Perpendicular  Studs 

Above  with  Gypsum  Board  Penetrations 

Less  than  16-inch  Stud  Space 
Corner  Brace 
Blocking 
Fire  Stop 

Poor  Fit  Caused  by  Above 
Poor  Fit  Top/Bottom/Sides 
Omitted  Areas 
Incomplete  Vapor  Barrier 
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TABLE  4 


COMMON  CEILING  CONSTRUCTION  ANOMALIES 


Electric  Wiring 


Framing 


- Parallel  to  Joists 
Perpendicular  to  Joists 

- Electric  Box  with  Fixture 

Joist  Lap 

Greater  than.  Less  than  Standard 
Joist  Space 


Insulation  Installation 


Poor  Fit  Caused  by  Above 

Batt  Over/Under  Lap 

Batt  Compression 

Loose  Fill  Non-Uniform  Cover 

Loose  Fill  Settling 
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To  develop  a series  of  test  panels  that  would  cnaractarize 
ooth  wall  and  ceiling  constructions,  and  consider  "ideal"  and 
typical  deviations  within  a limitation  of  ten  units,  required 
considerable  engineering  judgment  based  on  testing  experience  in 
this  field.  By  eliminating  variations  of  exterior  wall  facing 
from  consideration,  the  testing  program  could  be  simplified. 

Tnus,  the  wall  test  panels  would  consist  of  sheatning,  2 by  4 
framing  witn  tne  possibility  of  various  insulation  anomalies,  and 
gypsum  ooard  interior  facing.  The  decision  to  exclude  exterior 
wall  facing  can  be  justified  on  the  basis  that  the  thermal 
resistance  of  the  exterior  facing  is  small  compared  with  the 
overall  thermal  resistance  of  an  insulated  residential  wall.  Much 
data  already  exists  on  the  thermal  resistance  of  a wide  variety  of 
exterior  facings,  and  results  of  the  current  wall  panel  study  can 
oe  readily  converted  to  consider  the  effect  of  the  exterior 
facing.  Tne  proposed  test  panel  schedule,  which  was  subsequently 
accepted  oy  U3N/CEL  personnel,  without  modification,  is  shown  in 
Taole  5. 
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CONSTRUCTION  TEST  PANEL  DETAIL  SCHEDULE 
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me  Reference  Test  Panels  No.  1,  No.  4,  and  No.  7 would  oe 
constructed  without  anomalies  and  would  serve  as  the  comparison 
oase  for  the  balance  of  the  panels.  The  decision  to  include  a 
Reference  Nall  Panel  with  2 1/2-inch  (R-7)  oatt  in  addition  to 
3 1/2-inch  (R-11)  Oatt  was  based  on  the  high  frequency  of 
occurrence  of  2-inch  wall  batt  during  the  time  period  of  interest 
and  tne  expected  very  poor  performance  of  this  construction  when 
mis-installed  to  permit  ready  convection  paths  (Test  Panel  No.  5) . 

Tne  choice  of  2 oy  8 joists,  16-inch  on  center,  versus  2 by  4 
truss  chords,  24-inch  on  center,  for  ceiling  structure  was  pretty 
even.  The  decision  to  select  tne  joist  construction  was  based  on 
potential  discontinuities  when  6-inch  (R-19)  batts  were  installed 
between  2 oy  4 (3  1/2-inch  net  height)  framing  members. 

The  anomalies  selected  were  selected  for  their  prevalence  and 
expected  detrimental  effect  on  measured  thermal  performance. 

General  construction  details  of  the  wall  and  ceiling  test 
panels  are  shown  in  Figures  1 and  2. 
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FIGURE  1 


STANDARD  WALL  TEST  PANELS 


^1/2  Insulation  Board  Sheathing 
! ^Convection  Barrier 

( ^1/2  Gypsum  Board  (SCWD) 


Test  Area 

■■jr'48  — 

Overall 

■F4x'80 


4 Studs,  16-inch  OC 
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FIGURE  2 


STANDARD  CEILING  TEST  PANELS 


Overall 
64  X 80 
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The  details  of  construction  of  the  panels  with  anomalies  were 
to  be  identical  to  that  of  Reference  Panels,  except  for  the 
anomalies  incorporated.  Test  Panels  Wo.  2 (wall)  and  No.  8 
(ceiling)  would  have  a single  2-inch  wide  open  space  or  gap  in  the 
insulation  in  tne  test  area.  This  was  to  simulate  a careless 
installation  in  which  the  stud  or  ceiling  space  is  incompletely 
filled.  Test  Panels  Wo.  3 and  No.  6 (wall)  would  each  contain  an 
electrical  oox  and  receptacle,  and  associated  wiring.  Here  an 
attempt  would  oe  made  to  duplicate  tne  care  (or  lack  thereof) 
normally  taken  in  fitting  the  insulation.  It  was  expected  that 
tne  effect  of  this  anomaly  would  be  much  greater  with  Panel  iWo.  6 
than  Wo.  3,  due  to  the  greater  convection  opportunity  with  the 
2-inch/R-7  oatt  and  its  double  air  space. 

Tne  insulation  in  Panel  No.  5 would  be  installed  with  two 
1-incn  open  areas,  one  each  at  the  top  and  the  bottom  of  the  stud 
cavity.  3y  the  direct  communication  thus  afforded  between  warm 
side  and  cold  side  air  spaces,  convection  is  expected  to  be  much 
higher  than  in  the  corresponding  reference  Panel  Wo.  4. 

In  Panel  Wo.  9 (ceiling)  , tne  batt  would  be  intentionally 
overlapped  1-inch,  as  commonly  occurs  during  careless 
installation.  Since  the  overlap  might  allow  convection  paths 
directly  from  the  gypsum  board  ceiling  surface,  this  anomaly  was 
expected  to  oe  of  primary  importance  during  winter  (heat  flow 
upward)  conditions.  Test  Panel  No.  10  (ceiling)  is  similar  to 
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No.  3 and  No.  6 (wail)  except  for  tne  substitution  of  a ceiling 
electric  box  and  fixture  for  a wall  box  and  receptacle. 

All  panels  were  to  be  tested  under  winter  conditions  (45°f 
iiiean,  7d°F  interior  face,  20°F  exterior  face);  wall  panels  with 
neat  flow  horizontal,  ceiling  panels  with  heat  flow  upward.  Since 
the  Reference  Pest  Panels  (No.  1,  No.  4,  and  No.  7)  will  be  used 
both  as  a basis  of  comparison  for  the  other  panels  with  anomalies 
and  for  comparison  with  previous  test  results  including  A3HRAE 
calculations,  it  was  considered  desirable  to  have  test  data  on 
their  performance  as  a function  of  mean  temperature.  In  addition 
to  the  winter  condition,  two  other  test  conditions  were  proposed 
for  these  panels  at  75°F  mean  temperature  (100°F/5u°F)  and  95°F 
mean  temperature  (120°F/70°F)  . The  latter  would  simulate  sum.mer 
conditions;  75°F  mean  temperature  is  the  common  temperature  for 
evaluating  building  insulation.  Since  the  ceiling  panel  could 
exhibit  different  tnermal  performance  with  heat  flow  up,  than  heat 
flow  down.  Panel  No.  7 would  be  tested  under  both  conditions  at 
Tb^F  mean,  and  with  heat  flow  down  at  95°F  mean. 

The  proposed  increase  in  the  scope  of  the  contract  to  include 
additional  mean  temperature  data  on  the  three  reference  panels 
without  any  increase  in  the  contract  amount  was  also  accepted  by 
U3N/CEL  personnel,  with  the  understanding  that  this  would  delay 
tne  scheduled  completion  date. 
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TEST  PANEL  CONSTRUCTION 


The  test  panels  were  constructed  in  accordance  with  the 
schedule  in  Taole  5.  All  panels  were  assembled  in  such  a fashion 
to  permit  suosequent  verification  of  the  internal  construction,  or 
cnanging  of  the  insulation  tnrough  ready  removal  of  one  of  the 
faces.  In  all  cases,  the  highest  quality  workmanship  expected  in 
residential  nousing  was  used,  except  where  anomalies  were 
intentionally  incorporated. 

Extensive  use  was  made  of  photographic  documentation  during 
the  construction  of  the  test  panels.  This  included  black  and 
white  photographs  included  in  Appendix  D of  tnis  report,  and  2x2 
color  slides  taken  at  the  same  time.  Five  duplicate  sets  of  the 
color  slides  nave  been  delivered  to  USN/CEL  personnel.  The  same 
identification  numbers  apply  to  both  series  of  pictures. 

Tne  first  tnree  test  panels,  to  be  used  as  references,  were 
constructed  first  as  per  sketches.  Figure  3 and  4.  These 
included ; 

Panel  No.  1 - Wall  - R-11  Insulation  (no  anomalies) 

Panel  No.  4 - wall  - R-7  Insulation  (no  anomalies) 

Panel  No.  7 - Ceiling  - R-19  Insulation  (no  anomalies) 
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Some  construction  details  v^ere  commmon  to  ail  oanels.  The 


sneet  facing  materials,  48-inch  vide,  were  installed  parallel  to  I 

tne  long  or  8U-inch  direction  (Appendix  D,  Picture  t^o.  1,  Picture 
No.  5).  Joints  occurred  over  the  outer  studs  or  joists,  i.e.,  no 

joints  in  the  facing  occurred  over  the  32-inch  wide  center  test  ^ 

area.  To  protect  the  rather  fragile  edges  of  the  gypsum  board  and 
tne  insulating  board  faces,  metal  "J"  molding  was  installed 

(Picture  No.  1,  Picture  No.  7).  ' 
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FIGURE  3 
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Tne  insulation  used  was  selected  to  oe  in  the  0.6  to  0.7  pcf 

range,  which  was  typical  for  glass  fiber  batts  produced  during  the 

1930  to  1969  period.  Since  R-7  batts  are  no  longer  commonly 
manufactured,  it  was  necessary  to  cut  down  R-11  batts,  using  a 
horizontal  oand  saw.  Sufficient  R-7  insulation  was  prepared  at 
one  time  to  complete  the  construction  of  all  R-7  wall  panels. 

Since  the  R-11  batt  installed  in  Test  Panel  No.  1 completely 
fills  the  wall  cavity,  the  insulation  thickness  was  the  depth  of 
tne  cavity  or  3.5-inch.  The  R-7  batt  installed  in  the  Nall  Test 
Panel  No.  4,  and  tne  R-19  batt  installed  in  Ceiling  Test 

Panel  No.  7 were  not  of  full  depth.  For  these  panels,  it  was 

necessary  to  install  lacing  strings  to  locate  the  batts  in  the 
proper  position  (Picture  No.  10,  No.  15,  and  No.  17).  Lacing 
strings  were  not  installed  on  the  inside  wall  cavity  of  Test  Panel 
No.  4 since  they  would  interfere  with  the  stapling  flange,  and  the 
vapor  barrier  paper  serves  a similar  function  (Picture  No.  10). 

The  R-11  oatts  used  in  Test  Panel  No.  1 and  the  R-7  oatts 
prepared  for  Test  Panel  No.  4 had  the  vapor  barrier  attached  to 
the  oatt  (Picture  No.  3,  No.  4,  and  No.  10).  In  the  case  of  the 
R-19  batts  used  in  Test  Panel  No.  7,  it  was  felt  that  a better 
installation  job  could  be  accomplished  with  separate  oatts  and 
vapor  carrier  (Picture  No.  15,  No.  16,  and  No.  17). 
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Again,  with  the  oatt  filling  the  cavity  in  Test  Panel  No.  1, 
no  convection  barrier  was  required  here  (Picture  No.  2).  With 
open  cavities,  both  Test  Panel  No.  4 and  No.  7 required  the 
installation  of  barriers.  These  were  fabricated  of  1/2-incn  thick 
insulating  board  sheathing  (Picture  No.  9,  No.  12,  and  No.  14). 
Barriers  were  installed  in  both  inside  (Picture  No.  11)  and 
outside  cavities  (Picture  No.  8)  of  Panel  No.  4 and  in  the  top 
side  cavity  of  Panel  No.  7 (Picture  No.  13).  These  barriers  were 
cemented  to  the  facing,  or  between  tne  studs  as  appropriate 
(Picture  No.  11).  In  each  case,  the  barriers  continued  the 
location  of  the  32  oy  48  test  area  through  the  test  panel.  The 
barriers  were  designed  to  compress  the  insulation  slightly,  in 
order  to  provide  a reasonably  tight  perimeter  seal. 

Each  panel  was  provided  with  a lifting  hook  (Picture  No.  4) 
for  Handling,  and  permanently  identified  with  the  test  panel 
number  and  the  United  States  Navy/CEL  contract  number 
(Picture  No . 7 ) . 

At  tne  time  tne  test  panels  were  constructed,  samples  of  the 
insulation  used  were  taken.  Before  testing  the  panels  in  the 
Guarded  Hot  Box,  the  steady  state  thermal  transmission  properties 
of  tne  insulation  samples  was  determined  in  a 36-inch  Heat  Flow 
Meter  Apparatus  meeting  the  requirements  of  A3TM  C-518.  At 
mean  temperature  and  3.5U-inches  thickness,  the  measured  thermal 
resistance  of  the  R-11  insulation  used  was  11.2  BTU“-*^/hr/sq  ft/°F 
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at  a tested  density  of  0.71  io/cu  ft.  At  the  sarne  mean 
temperature  and  2.5o-inches  thickness,  tne  measured  thermal 
resistance  of  the  R-7  insulation  used  was  7.3  BTU”-*-/ht/sq  ft/°F  at 
a tested  density  of  0.53  lo/cu  ft.  While  the  R-7  insulation  was 
cut  off  from  the  same  hatch  as  tne  R-11  insulation,  its  density 
was  somewhat  less.  Tnis  is  due  to  the  R-7  insulation,  as 
installed,  oeing  freer  to  expand  to  its  full  tnickness  (and  lower 
density),  whereas  the  R-11  insulation,  as  installed,  was  confined 
hy  the  stud  depth  of  approximately  3 1/2-inch. 

All  test  panels  with  anomalies  were  constructed  similar  to 
the  reference  panels  without  anomalies.  Test  Panel  No.  2 (R-11 
wall  insulation  wich  2-inch  uninsulated  area)  was  constructed 
similar  to  Test  Panel  No.  1 (R-11  wall  insulation  without 
anomalies) . Tne  difference  was  the  omission  of  the  R-11 
insulation  and  vapor  barrier  for  a 2-inch  wide  area.  This  open 
area  was  oriented  horizontally,  extended  the  full  width  of  the 
test  area,  and  was  located  at  the  mid  point  of  the  test  panel. 

The  uninsulated  portion  was  2/43  or  4.2  percent  of  the  insulation 
area.  Masking  tape  was  used  to  repair  minor  rips  in  the  vapor 
carrier  as  required. 

Test  Panel  No.  5 (R-7  wall  insulation  with  two  1-incn 
uninsulated  areas)  was  likewise  constructed  similar  to  Test  Panel 
No.  4 (R-7  wall  insulation  without  anomalies).  The  difference  was 
the  omission  of  the  R-7  insulation  and  vapor  barrier  for  two 
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i-inch  areas.  Each  area  was  also  oriented  horizontally  and 
extended  tne  full  width  of  the  test  area.  One  open  area  was 
located  at  tne  top  of  the  test  area,  the  other  at  the  bottom.  The 
open  or  uninsulated  areas  provided  direct  connection  between  the 
air  spaces  on  either  face  of  the  R- 7 insulation,  and  thus 
permitted  a ready  path  for  an  air  thermo-siphon  or  convection 
loop.  Tne  total  uninsulated  portion  in  Test  Panel  Mo.  5 was 
4.2  percent  of  the  insulation  area,  the  same  as  Test  Panel  No.  2. 

Pnotographs  taken  during  the  construction  of  Test  Panel 
No.  2,  ( Picture  24)  and  Test  Panel  No.  5 (Picture  25)  are 

included  in  Appendix  D. 

Test  Panel  No.  3 (R-11  wall  insulation  with  electrical 
receptacle)  was  constructed  similar  to  Test  Panel  No.  1 (R-11  wall 
insulation  without  anomalies).  Also,  Test  Panel  No.  6 (R-7  wall 
insulation  with  electrical  receptacle)  was  constructed  similar  to 
Test  Panel  No.  4 (R-7  wall  insulation  without  anomalies). 

The  electrical  receptacles  in  Test  Panels  No.  3 and  No.  6 
were  installed  in  a similar  fashion.  A 2 by  3 by  2 1/2-inch  deep 
metal  electrical  oox  with  clamps  for  non-metallic  cable  and  an 
integral  side  bracket  was  centrally  located  40-inches  from  the  top 
edge  of  the  panel  (center  of  the  test  area)  and  mounted  on  the 
side  of  the  stud  forming  the  center  stud  space.  The  oox  was  wired 
with  14-2  non-metallic  sheathed  cable  (Romex)  with  separate  ground 
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conductor.  To  simulate  typical  use  conditions,  the  wiring  was 
extended  horizontally  through  the  center  of  the  studs  at  a point 
Id-inches  oelow  the  box.  Each  caole  was  stapled  to  the  side  of 
tne  adjacent  stud  at  a point  about  4-inch  below  the  box  and  also 
just  oefore  the  turn  to  traverse  horizontally.  The  wiring  was 
completed  by  installing  a duplex  receptacle  and  a plastic  cover 
plate . 

The  insulation  was  installed  in  a manner  similar  to  tnat  used 
in  the  previous  wall  panels.  The  R-11  insulation  was  jointed  at 
the  norzontal  wiring.  This  represents  good  installation  practice 
as  it  permits  maximum  conformity  of  the  insulation  to  wiring 
irregularities.  Unfortunately,  this  practice  is  not  always 
universally  followed.  In  the  case  of  the  R-7  insulation,  the 
material  was  installed  on  tne  gypsum  board  side  of  the  horizontal 
wiring,  which  resulted  in  a slight  local  compression  of  the 
insulation.  For  both  installations,  tne  insulation  and  vapor 
carrier  were  cut  out  to  the  approximate  dimensions  of  the 
electrical  box.  Photographs  taxen  during  the  construction  of  the 
Test  Panel  Wo.  3 (Picture  26)  and  Test  Panel  No.  5 (Picture  27) 
are  included  in  Appendix  D.  Picture  23  snows  the  completed  Test 
Panel  No.  6;  Test  Panel  No.  3 would  be  similar. 

Test  Panel  No.  3 (R-19  ceiling  insulation  with  2-inch  wide 
uninsulated  area).  Test  Panel  No.  9 (R-19  ceiling  insulation  with 
1-inch  overlap)  and  Test  Panel  No.  10  (R-19  ceiling  insulation 
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with  ceiling  electrical  fixture)  were  constructed  similar  to  Test 
Panel  Mo.  7 (R-19  ceiling  insulation  without  anomalies). 

The  2-inch  wide  uninsulated  area  in  Test  Panel  No.  3 was 
located  at  the  midpoint,  similar  to  the  2-inch  uninsulated  area  in 
rest  Panel  No.  3 (R-11  wall  insulation  with  2-inch  uninsulated 
area) . In  ooth  cases  the  uninsulated  area  extended  the  full  width 
of  tne  test  area  or  32-incnes.  The  uninsulated  portion  was  2/48 
or  4.2  percent  of  the  insulation  in  the  test  area.  As  with 
Test  Panel  No.  3,  the  vapor  barrier  was  omitted  in  the 
uninsulated  area.  Details  of  construction  are  shown  in 
Picture  29. 

Test  Panel  No.  9 was  designed  to  demonstrate  the  effect  of  a 
oatt  improperly  installed  in  that  it  overlapped  the  adjacent  batt 
by  1-inch.  The  batt,  therefore,  was  not  in  contact  with  the 
ceiling  gypsum  board  for  a length  of  about  12-inches.  The 
location  of  the  overlapped  batt  was  central  to  the  test  area,  and 
occurred  only  in  the  center  joist  space.  See  Picture  30  for 
details . 

Test  Panel  No.  10  was  designed  to  demonstrate  the  effect  of  a 
ceiling  lignt  fixture.  A 4-inch  octagonal  metal  box  with  clamps 
for  non-metallic  cable  was  fastened  to  the  side  of  the  ceiling 
joist  in  the  central  joist  space.  The  box  was  centrally  located 
lengthwise  in  the  test  area.  The  box  was  wired  with  14-2 
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non-metal 1 ic  sheatned  cable  (Romex)  with  separate  ground 
conductor.  Tne  wiring  was  extended  diagonally  on  both  sides  of 
tne  Dox,  with  wiring  on  top  of  the  joists.  Staples  fastened  the 
cable  to  tne  side  of  the  joist  within  4- inches  of  the  box  and  on 
top  of  each  joist.  See  Picture  31  for  details.  The  installation 
was  completed  by  intalling  a modest  priced  2-lamp  ceiling  fixture 
found  typically  in  residential  applications  (see  Picture  32) . 

In  the  process  of  insulating  Panels  No.  8 through  10,  it 
became  apparent  that  it  would  be  difficult  to  maintain  the  nominal 
6 to  6 1/2-inch  thickness  of  R-19  ceiling  insulation  with  a high 
degree  of  consistency  between  panels  using  the  systeiii  of  locating 
strings  employed  originally  in  insulating  the  Reference  Ceiling 
Panel  No.  7,  (shown  in  Picture  17).  3y  only  attaching  the 
locating  strings  at  the  panel  edges,  tne  natural  resilience  of  the 
glass  fiber  oatts  caused  a degree  of  bowing,  with  the  greatest 
uncertainty  of  thickness  occurring  in  tne  center  or  over  the  test 
area.  To  solve  this  problem,  it  was  decided  to  fasten  the 
locating  strings  at  each  2x8  ceiling  joist.  This  resulted  in 
some  compression  of  the  batt  which  reduced  its  effective  R-value. 
Rowever,  this  effect  could  be  calculated  for,  and  with  the 
improved  thickness  control,  the  comparison  of  Panels  No.  8,  No.  9, 
and  No.  10  with  Panel  No.  7 would  be  enhanced.  Panel  No.  7 was 
suDsequently  reworked  so  that  its  top  surface  was  similar  to  that 
of  Panels  8 through  10  snown  in  Pictures  29-31.  Picture  17, 
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showing  tne  original  construction  of  the  inside  Panel  No.  7,  is 
therefore  no  longer  valid. 

During  the  test  program,  tne  thermal  resistance  for  Test 
Panel  No.  7 witn  heat  flow  down,  was  found  to  be  unexpectedly  low. 
Tnis  was  oelieved  to  be  caused  by  the  lack  of  structural  strength 
of  the  support  for  the  plywood  top  surface  of  this  panel.  The 
weight  of  tne  test  area  Hot  3ox  caused  the  plywood  to  deflect, 
maxing  tne  surface  non-planar,  and  adversely  affecting  the  seal 
oetween  the  test  area  and  the  guard  area  of  the  Hot  Box  Assembly. 

The  top  surface  structure  of  Test  Panel  No.  7 was  rebuilt  by 
adding  2 oy  4 supports,  both  cross-wise  and  length-wise,  outside 
of  the  insulation  board  convection  barrier.  In  addition,  damaged 
portions  of  the  convection  barrier  were  repaired  by  cutting  out 
the  crushed  areas,  and  cementing  in  pieces  of  similar  material. 

No  similar  modifications  were  made  to  Test  Panels  No.  8, 

NO.  ')  and  No.  10,  since  these  were  tested  only  in  the  heat  flow  up 
position,  witn  the  test  area  Hot  Box  below  tne  test  panel. 
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TEST  PROCEDURE 


Tne  thermal  performance  of  each  panel  was  determined  oy  the 
test  procedure  of  ASTM  C-236,  Standard  Test  Method  for  Thermal 
Conductance  and  Transmittance  of  Built-up  Sections  by  Means  of  the 
Guarded  Hot  Box.  Figure  5,  taken  from  ASTM  C-236,  shows  the 
essential  details  of  the  Guarded  Hot  Box  Test  Apparatus. 

Details  of  tne  interior  construction  of  the  Johns-Manville 
Researcn  Center  Guarded  Hot  Box  Apparatus  are  shown  in 
Picture  Ho.  13  (warm  side  metering  and  guard  boxes),  No.  19  (cold 
box,  cooling  coils  and  circulation  fan  behind  baffle),  and  No.  20 
(warm  side  boxes  left,  cold  box  behind  test  panel).  The 
thermocouples  used  to  measure  the  warm  surface  temperature  are 
snown  in  Picture  No.  21.  Similar  thermocouples  were  installed  on 
the  reverse  or  cold  surface.  The  completed  installation,  ready 
for  test  and  the  control  panel  are  shown  in  Picture  Nos.  22  and  23 
respectively. 
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test  periods  criteria  required  by  ^3TM  C-236  was  not  nearly  always 
strict  enough.  Especially  with  high  thermal  resistance  panels, 
test  data  was  obtained  which  met  this  requirement  but  differed 
suostantially  from  the  true  thermal  equilibrium  data. 

The  relatively  high  thermal  resistance  of  the  R-19  ceiling 
panels  compared  with  usual  test  panels,  necessitated  two  changes 
in  the  test  procedure.  Longer  test  times  were  required  for  the 
thermal  equilibrium,  much  more  than  that  specified  in  ASTM  C-236. 
In  addition,  tne  automatic  control  system  of  AC  power  to  the  test 
area  used  previously,  was  not  sufficiently  sensitive  at  low  power. 
The  procedure  with  the  R-19  ceiling  panels  was  to  use  constant  AC 
power  to  the  circulation  fans  within  the  test  area,  with  manually 
adjusted  DC  power  to  resistors  for  additional  heat  as  required. 

The  total  heat  dissipated  through  the  test  are  was  the  sum  of  the 
AC  and  the  DC  power. 

As  a check  of  the  modified  test  procedure,  a standard  sample 
of  roof  insulation,  which  had  been  tested  previously  at  the 
fJational  Research  Council  of  Canada  Laboratories  and  at  the 
Johns-Manville  Research  Center,  was  installed  in  the  Guarded  Hot 
3ox  Test  Apparatus  used  for  conducting  the  current  U3N/CEL  test. 
Tne  results  of  this  test  on  the  standard  sample,  agreed  closely 
with  both  previous  test  results.  This  validated  the  combined  AC 
and  DC  test  area  power  procedure. 
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Tne  raw  data  talon  from  tne  Guarded  Hot  Box  at  each  point 
fed  into  a programable  calculator.  These  results  were  then 
compiled.  A typical  compilation  (for  Panel  No.  6 at  45°f  mean) 
shown  in  Taole  6.  All  data  for  Phase  I of  this  project  are 
recorded  in  Jonns-Manville  Research  Center  Notebooks  4742  and 
47^4,  wnich  were  used  exclusively  for  this  purpose. 
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A detail  of  ASTM  Standard  Test  Method  C-236  deserves 


amplification  at  this  point.  Section  5.5.1  describes  the 
measurement  of  surface  temperature.  It  calls  for  thermocouples  to 
oe  located  judiciously  with  respect  to  structural  members  in  the 
panel.  ^hen  testing  wall  panels,  it  has  been  our  practice  in  the 
past  to  locate  some  thermocouples  over  studs  with  the  balance  of 
tne  thermocouples  over  tne  between-the-stud  area.  The  average 
surface  temperature  was  than  determined  as  the  area  weighted 
average  oetween  over  stud  and  insulation  surface  temperatures. 

This  practice  was  continued  when  testing  wall  panels  with 
anomalies,  the  average  surface  temperature  in  this  case  including 
also  an  area  weighting  for  the  surface  temperature  over  the 
anomaly. 


Another  section  of  ASTM  C-236  requires  the  taking  of  data 
over  a minimum  of  3-hours,  consisting  of  two  consecutive  4-hour 
periods,  with  a maximum  difference  of  1 percent  in  the  measured 
average  conductance  values  over  the  two  4-hour  periods.  The  test 
reported  nere  were  continued  at  least  a second  day  for  a second 

3- nour  period.  Values  reported  are  the  averages  of  the  four 

4- hour  periods.  In  most  cases,  the  results  of  the  second  8-hour 
period  duplicated  those  of  the  earlier  period.  In  a few  cases, 
tne  mean  temperature  shifted  slightly  for  tne  second  day.  Here 
tne  difference  in  measured  conductance  for  the  second  day  results 
was  that  expected  due  to  tne  change  in  mean  temperature.  In 
general,  the  less  tnan  1 percent  difference  over  successive  4-hojr 
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ANALYSIS 


Tiie  test  results  of  Panel  No.  1 (R— 11  wall  without  anomalies) 
are  tabulated  in  Table  7 for  toe  t.iree  mean  temperatures  of  45°f, 
75°F,  and  i5^F.  Similar  test  results  for  Panel  No.  4 (R-7  wall 
without  anomalies)  are  taoulated  in  Taole  d.  The  above  results 
are  plotted  in  Figure  6. 
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TABLE  7 


TEST  RESULTS  - PANEL  NO.  1 
(R-11  WALL  WITHOUT  ANOMALIES) 


Test 

Test 

Test 

1-1 

1-2 

IzzX. 

TEMPERATURE . °F 

Hot  Air 

70.2 

100.5 

123.4 

Hot  Surface 

68.3 

98.3 

121.1 

Cold  Surface 

22.0 

50.1 

71.3 

Cold  Air 

20.3 

48.3 

69.5 

Surface/Surface,  mean 

45.2 

74.2 

96.2 

Surface/Surface , AT 

46.3 

48.2 

49.8 

RESISTANCE 
BTU~^/hr/sa  ft/^F 

Hot  Air  Film 
Surf ace/ Surf ace 
Cold  Air  Film 
Total 


0.5 

11.9 

0.4 

12.8 


0.5 

10.9 

0.4 

11.8 


0.5 

10.0 

0.4 

10.9 


CALCULATED  RESISTANCE 
(at  75°F  mean) 

BTU~^/hr/sa  ft/F° 

Surface/Surface  11.3* 


CONDUCTANCE 
BTU/hr/sg  ft/°F 

Surf ace /Surf ace 
Ai  r/ Ai  r 


0.084  0.092  0.100 

0.078  0.085  0.092 


* corrected,  see  text. 
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TABLE  8 


TEST  RESULTS  - PANEL  NO.  4 
(R-7  WALL  WITHOUT  ANOMALIES) 

Test  Test 

4-1  4-2 


TEMPERATURE,  °F 

Hot  Air 

69.6 

101.8 

Hot  Surface 

66.0 

97.8 

Cold  Surface 

21.6 

50.3 

Cold  Air 

19.6 

47.8 

Surface/Surface,  mean 

43.8 

74.0 

Surface/Surface,  AT 

44.4 

47.5 

RESISTANCE 

BTU"^/hr/sa  ft/°F 

Hot  Air  Film 

0.8 

0.8 

Surface/Surface 

9.9 

9.1 

Cold  Air  Film 

0.5 

0.5 

Total  - Air/Air 

11.2 

10.4 

CALCULATED  RESISTANCE 

(at  75°F  mean) 

BTU“^/hr/sa  ft/°F 

Surface/Surface 

9.7* 

CONDUCTANCE 
BTU/hr/sg  ft/°F 

Surface/Surface  0.101  0.110 

Air/Air  0.089  0.096 


* corrected,  see  text. 


Test 

4-3 


122.7 

118.8 

72.4 
70.2 
95.6 

46.4 


0.7 

8.3 
0.4 

9.4 


0.120 

0.106 
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Tne  expected  surface  to  surface  thermal  resistance  of  the 
R-11  and  the  R-7  Panels  at  75°f  mean  temperature  *?as  calculated 
using  the  procedures  and  accepted  values  outlined  in  the  1972 
A3HRAE  Handbook  of  Fundamentals.  The  average  or  typical  accepted 
values  for  tne  resistance  of  the  sheathing  board,  gypsum  board, 
air  space,  and  wood  studs  were  taken  from  this  reference.  The 
exception  was  the  actual  measured  thermal  resistance  of  the  batt 
insulation.  The  calculated  tnermal  resistance  was  0.6  to  0.9  "R" 
units  higher  than  that  measured. 

Samples  of  1/2-inch  sheathing  and  1/2-inch  gypsum  board 
similar  to  that  used  in  the  construction  of  these  test  panels  were 
obtained  and  thermal  resistance  determined.  The  average  measured 
thermal  resistance  of  tne  sheatning  at  75*^F  mean  was 
1.02  STU'^/hr/sq  ft/°F;  that  of  tne  gypsum  board  was  0.41,  for  a 
total  of  1.43.  Accepted  values  used  in  the  original  calculations 
were  from  ASHRAE  1972  Handbook  of  Fundamentals,  and  were  1.32  and 
0.45  respectively,  for  a total  of  1.77. 

Clear  fir  was  used  in  tne  construction  of  the  test  panels. 

Two  tnermal  conductivity  test  specimens  were  fabricated  by  edge 
laminating  pieces  of  construction  material.  The  average  measured 
tnermal  conductivity  at  75°F  mean  of  clear  fir  was 
u.dl  BTU/in/nr/sq  ft/°F.  Tne  calculated  thermal  resistance  then 
for  3 1/2-inch  studs  would  oe  4.32  BTU“^/hr/sq  ft/°F,  whicn  is 
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practically  luentical  with  the  A3HRAE  [landoook  of  Fundamentals 
value  of  4. 35  used  in  previous  calculations. 

For  Doth  panels,  the  calculated  surface  to  surface  resistance 
values  were  still  sliqhtly  higher  than  actually  measured  after 
corrections  for  tne  actual  ratner  than  nominal  resistance  of  the 
gypsum  board  and  the  sheathing  were  made.  There  are  a number  of 
possible  explanations  for  tnis  difference.  Some  earlier  work  at 
the  Johns-Manville  Research  Center  showed  that  there  was  a small, 
out  significant,  reduction  in  the  measured  wall  thermal  resistance 
due  to  the  fasteners  (nails  or  screws)  used  to  attach  the 
sheatning  board  and  the  gypsum  board  faces  to  the  studs.  Also, 
the  resistance  of  tne  two  air  spaces  for  the  R-7  insulation  was 
the  value  taken  from  A3HRAE  for  narrow  (3/4-inch)  air  spaces, 
whereas  tne  actual  air  space  on  the  warm  side  of  the  wall  averaged 
O.&d-inches,  tnat  on  the  cold  side  0.37-inches. 

All  of  the  above  factors  would  tend  to  make  the  calculated 
surface  to  surface  resistance  somewhat  higher  than  the  actual,  as 
was  observed.  In  view  of  tnis,  the  agreement  between  measured  and 
calculated  values  is  considered  excellent. 

It  is  customary  to  rate  the  thermal  performance  of  building 
materials  at  75°F  mean  temperature.  This  represents  something  of 
a compromise  between  winter  conditions  and  summer  conditions.  As 
snown  in  Figure  6,  tne  winter  performance  of  a wall  should  be 
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aoout  lu  percent  oetter  tnan  designed,  that  for  summer  about  10 
percent  poorer.  This  is  not  serious  in  view  of  the  many  other 
much  grosser  assumptions  that  go  into  the  prediction  of  the 
thermal  performance  of  a given  wall,  the  amount  of  air 
infiltration  expected  for  example. 

Tne  test  resuLts  of  the  effect  of  uninsulated  portions  of 
wail  panels  are  tabulated  in  Table  9.  Panel  No.  2 (R-ll  wall 
insulation)  has  a 2-inch  wide  uninsulated  area,  centrally  located. 
Panel  No.  o (R-7  wall  insulation)  has  two  1-inch  wide  uninsulated 
areas  located  at  the  top  and  the  bottom  of  the  test  areas. 

While  tne  uninsulated  portion  of  the  Test  Panel  No.  2 was 
only  2-inches  out  of  43-inches,  or  4.2  percent  of  the  area  between 
the  studs,  the  measured  decrease  in  surface  to  surface  thermal 
resistance  was  13  percent.  This  checks  with  calculations  for  the 
expected  cnange  in  overall  thermal  resistance  for  Panel  No.  2, 
which  was  also  13  percent. 
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TABLE  9 


TEST  RESULTS  - WALL  PANELS 
WITH  UNINSULATED  AREAS 


Test 

Test 

Test 

Test 

1-1 

Sri  ■ 

CONSTRUCTION 

Panel 

Wall 

Wall 

Wall 

Wall 

Insulation 

R-11 

R-11 

R-7 

R-7 

Anomaly 

1-2"  space 
(central) 

None 

2-1"  spaces 
(top  it  bottom) 

None 

TEMPERATURE  - °F 

Hot  Air 

75.6 

70.2 

76.2 

69.6 

Hot  Surface 

71.7 

68.3 

70.4 

66.0 

Cold  Surface 

20.2 

22.0 

20.7 

21.6 

Cold  Air 

18.4 

20.3 

18.0 

19.6 

Surface/Surface,  mean 

46.0 

45.2 

45.6 

43.8 

Surface/Surface,  AT 

RESISTANCE 

*1 

51.5 

46.3 

49.7 

44.4 

BTU~^/hr/sa  ft/°F 


Hot  Air  Film 

0.8 

0.5 

0.7 

0.8 

Surface/Surface 

10.3 

11.9 

6.2 

9.9 

Cold  Air  Film 

0.4 

0.4 

0.3 

0.5 

Total  - Air/Air 

11.5 

12.8 

7.2 

11.2 

CONDUCTANCE 

BTU/hr/sa  ft/°F 

Surf ace /Surf ace 

0.097 

0.084 

0.161 

0.101 

Air/Air 

0.087 

0.078 

0.139 

0.089 

COMPARISON 


Effect  of  Anomaly  on 

Surface/Surface  "R"  -13%  -38% 

Calculated  Effect  of 

Anomaly  on  Surface/Surface 

"R"  (at  75  F mean)  -13% 
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The  decrease  in  measured  thermal  resistance  for  Test  Panel 
No.  5 compared  witn  similarly  insulated  Panel  No.  4 was 
3a  percent.  This  is  equivalent  to  a 61  percent  increase  in  heat 
loss.  While  the  total  area  of  the  non-insulated  portion  for  Panel 
No.  5 was  no  larger  than  with  Panel  No.  2,  in  the  case  of  No.  5, 
it  was  distributed  equally  at  the  top  and  bottom  of  the  test  area 
cavity.  Since  the  R-7  insulation  used  in  Panel  No.  5 had  an  air 
space  on  ooth  the  warm  and  cold  surfaces,  the  addition  of  the 
uninsulated  areas  top  and  bottom  completed  the  potential 
convection  path.  That  the  closed  loop  convection  path  was 
effective  as  a heat  transfer  device  was  demonstrated  by  the  marked 
decrease  in  thermal  resistance.  Due  to  unknowns  associated  with 
tne  convection  mode  of  heat  transfer,  no  calculations  were 
attempted  for  the  expected  thermal  resistance  of  Panel  No.  5. 

Tne  marked  reduction  in  thermal  resistance  of  wall  panels 
when  convection  is  permitted  was  also  found  in  a qualitative  sense 
oy  Teitsma  and  Peavy.  Tneir  recently  published  ^paper  concerned 
research  at  N3S  on  a mobile  home  which  had  2 by  4 stud  walls  with 
R-7  glass  fioer  batt  insulation.  They  stated  "as  currently 
installed,  a portion  of  the  R-7  insulation  in  the  walls  is  made 
ineffective  oy  the  passage  of  cold  air  through  the  insulated 
cavity,  siphoning  air  around  the  insulation.  ...It  appears  that 
full,  tnick,  properly  installed  insulation  substantially  reduces 
or  eliminates  air  movement  in  insulated  cavities". 
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The  overall  conclusions  of  Teitsma  and  Peavy  have  been 


suostantiated  by  this  research.  Their  quantitative  estimate  of  a 
y percent  reduction  of  overall  wall  resistance  due  to  movement  of 
cold  air  within  the  wall  would  appear  to  be  much  too  conservative. 

Tnermal  data  on  the  testing  of  Panels  No.  3 (R-11  wall 
insulation  with  electrical  receptacle)  and  No.  6 (R-7  wall 
insulation  witn  electrical  receptacle)  are  reported  :,n  Table  10 
along  witn  similar  data  on  Panels  No.  1 (R-11  wall  insu''ation 
without  anomalies)  and  No.  4 (R-7  wall  insulation  without 
anomalies)  at  the  same  mean  temperature  for  comparison. 

The  thermal  resistance  values  for  the  two  R-11  wall  panels 
snow  suDstantially  no  difference.  In  fact,  the  thermal  resistance 
of  the  panel  with  the  electrical  box  was  slightly  better  than  the 
panel  without.  This  small  difference  is  within  the  expected 
limits  of  experimental  variation.  On  the  other  hand,  the  addition 
of  an  electrical  receptacle  to  the  R-7  insulated  wall  panel 
markedly  reduced  the  thermal  resistance,  by  about  9 percent. 

Tne  above  observations  are  consistent  with  the  previously 
oDserved  results  on  Panels  No.  2 and  No.  5 i.e.,  with  a wall 
insulation  which  completely  fills  the  wall  cavity  (R-11  batt) , the 
effect  of  an  anomaly  is  small  and  predictable.  When  the  wall 
insulation  does  not  fill  the  cavity  (R-7  batt) , the  air  spaces  on 
aitner  side  of  the  insulation  permit  convection  haat  flow  to 
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operate  when  an  anomaly  is  present,  thus  materially  reducing  the 
measured  thermal  resistance  from  that  under  ideal  conditions 
(Panel  No.  4) . 


66 


TABLE  10 


TEST  RESULTS  - WALL  PANELS 
WITH  ELECTRICAL  BOXES 


Test  Test  Test  Test 

a-l  1-1  6-1  4-1 


CONSTRUCTION 

Panel 

Insulation 

Anomaly 


Wall  Wall 

R-11  R-11 

elec,  box  none 


Wall  Wall 

R-7  R-7 

elec,  box  none 


TEMPERATURE  - °F 


Hot  Air 

73.9 

70.2 

72.1 

69.6 

Hot  Surface 

70.3 

68.3 

67.6 

66.0 

Cold  Surface 

19.3 

22.0 

21.6 

21.6 

Cold  Air 

18.1 

20.3 

19.0 

19.6 

Surface/Surface,  mean 

44.8 

45.2 

44.6 

43.8 

Surf ace /Surf ace,  AT 

51.0 

46.3 

46.0 

44.4 

RESISTANCE 
BTU~^/hr/sa  ft/°F 


Hot  Air  Film 

0.8 

0.5 

0.9 

0.8 

Surface/Surface 

12.1 

11.9 

9.0 

9.9 

Cold  Air  Film 

0.3 

0.4 

0.5 

0.5 

Total 

TTTZ 

12.8 

10.4 

11.2 

CONDUCTANCE 
BTU/hr/sa  ft/°F 


Surf ace /Surf ace 
Air/Air 


0.C83 

0.076 


0.084 
0.0  78 


0.111 

0.096 


0.101 

0.089 


COMPARISON 

Effect  of  Anomaly  on 

Surface/Surface  "R"  nil  ~9x 
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More  proolems  v^ere  experienced  in  obtaining  satisfactory  test 
data  from  Test  Panel  No.  7 (R-19  ceiling  insulation  without 
anomalies)  than  with  ail  the  other  panels  combined.  The  original 
insulation  used  to  construct  Test  Panel  No.  7 was  not  within 
specification,  and  it  was  replaced  with  new  material  similar  to 
that  used  in  the  wall  panels,  which  Johns-Manville  identifies  as 
type  "H"  insulation.  The  tnermal  conductivity  of  the  replacement 
material  was  determined  at  three  thicknesses,  at  75°F  mean 
temperature,  using  the  neat  meter  apparatus  and  test  procedure 
described  in  A3TM  C-518.  The  same  material  was  used  for  the  three 
tests,  the  changes  in  thickness  affecting  the  density  in  an 
inverse  relationship.  The  results  of  these  tests  agreed  very 
closely  with  a regression  analysis  of  many  thermal  conductivity 
tests  on  type  "H"  insulation  at  the  Johns-Manville  Research 
Center.  The  analysis  includes  factors  for  density  and  thickness 
var iations . 

In  tne  case  of  Wall  Panels  No.  1,  No.  2,  and  No.  3,  R-11 
insulation  was  used,  which  would  more  than  fill  the  wall  cavity, 
without  compression.  Tne  insulation  thickness  in  this  case  was 
identically  equal  to  the  width  of  the  wall  cavity,  which  inturn 
was  determined  uniquely  by  the  width  of  the  studs.  Where  the 
insulation  was  of  less  thickness  than  that  of  the  cavity,  some 
means  of  establishing  the  insulation  thickness  was  necessary.  As 
originally  constructed.  Test  Panel  No.  7 had  containment  or 
location  cords  on  the  top  surface  which  traversed  the  entire  width 
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of  the  test  panel,  as  snown  in  Picture  No.  17.  The  first  tests 
conducted  on  Panel  No.  7,  Tests  7-1,  7-2,  and  7-3,  were  with  the 
panel  constructed  in  this  fashion.  The  measured  average  thickness 
of  tne  insulation  was  6.41-inches,  and  the  calculated  resistance 
for  the  insulation  at  this  thickness  and  density  was 
20.2  3TU"^/hr/sq  ft/°F. 

The  aoove  system  of  insulation  thickness  control  was  not 
considered  completely  satisfactory,  due  to  the  resilience  of  this 
product  causing  suosequent  uncertainty  of  thickness.  While 
increased  thickness  will  reduce  density  and  thereby  increase 
thermal  conductivity  slightly  (reduce  thermal  resistivity),  this 
effect  is  small  compared  with  the  direct  increase  in  thermal 
resistance  with  thickness. 

As  described  in  tne  section  on  TEST  PANEL  CONSTRUCTION, 
Ceiling  Test  Panels  No.  3,  No.  9,  and  No.  10  were  insulated  with 
material  from  the  same  lot  as  that  used  for  reinsulating 
Panel  No.  7,  but  with  defining  cords  fastened  to  the  top  of  each 
joist  as  snown  in  Picture  No.  29.  Test  Panel  No.  7 was 
suDsequently  reworked  in  a similar  fashion,  with  the  result  that 
the  average  insulation  thickness  after  rework  was  5.66-inches. 

Tne  calculated  R at  this  thickness  and  density  was 

Id. 7 3TU"^/hr/sq  ft/°F.  Tests  7-4  and  following  on  Panel  No.  7 

were  with  this  reduced  thickness  insulation. 
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Tne  test  results  on  Panel  Wo.  7 with  (R-18.7  insulation)  are 
snown  in  Table  11.  The  rests  were  conducted  witn  heat  flow  up  at 
45°F  and  mean  temperatures,  simulating  winter  conditions,  and 

neat  flow  down  at  75°F  and  95°F  simulating  summer  conditions. 

Also  included  in  Table  11  are  calculated  values  of  overall  surface 
to  surface  resistance  at  75°F  mean  based  on  A3HRAE  procedures  with 
allowance  for  joists,  and  previously  determined  data. 

Tne  calculated  thermal  resistance  values  for  heat  flow  up  and 
heat  flow  down  at  the  same  mean  temperature  were  practically  the 
same.  Wnile  the  resistance  of  an  air  space  with  heat  flow  down  is 
signer  than  with  heat  flow  up,  this  effect  w is  balanced  by  the 
nigher  conductance  at  the  higher  mean  temperature  when  the  heat 
flow  was  reversed. 

The  agreement  between  measured  and  calculated  values  is  fair 
with  heat  flow  up,  and  somewhat  poorer  with  heat  flow  down.  In 
dismantling  Test  Panel  No.  7,  it  was  found  tnat  the  quarter-inch 
plywood  top  surface  did  not  have  sufficient  strength  to  support 
the  weignt  of  the  inner  or  test  area  assembly  of  the  Guarded  Hot 
3ox  when  the  apparatus  was  assembled  for  heat  flow  down.  This  had 
allowed  the  test  area  box  to  drop  and  made  the  seal  between  the 
test  area  and  surrounding  guard  area  imperfect.  The  data  reported 
in  Taoie  11  for  heat  flow  down,  is  that  obtained  after  the  top 
surface  of  Test  Panel  No.  7 was  strengthened. 
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TABLE  11 


TEST  RESULTS  - PANEL  NO.  7 
(R-19  CEILING  WITHOUT  ANOMALIES) 


Test 

7-4 

Test 

7-5 

Test 

7-9* 

Test 

7-10* 

CONSTRUCTION 

Panel 

Insulation 

Anomaly 

Ceiling 

R-19 

none 

HEAT  FLOW 

up 

up 

down 

down 

TEMPERATURE  - °F 

Hot  Air 

72.6 

100.0 

101.7 

121.4 

Hot  Surface 

70.9 

98.4 

98.8 

118.1 

Cold  Surface 

20.7 

50.0 

49.4 

71.3 

Cold  Air 

17.8 

47.5 

48.4 

70.2 

Surface/Surface,  mean 

45.8 

74.2 

74.1 

94.7 

Surface/Surface,  AT 

RESISTANCE 

50.2 

48.5 

49.4 

46.8 

BTU  ^/hr/sa  ft/°F 


Hot  Air  Film 

0.6 

0.6 

1.0 

1.0 

Surface/Surface 

19.1 

16.5 

16.2 

13.6 

Cold  Air  Film 

1.1 

0.8 

0.3 

0,3 

Total 

20.9 

17.9 

17.5 

14.9 

CALCULATED  RESISTANCE 

(at  75°F  mean) 

BTU"^/hr/sa  ft/°F 

Surface/Surface 

17.8 

17.9 

CONDUCTANCE 

BTU/hr/sa  ft/°P 

Surface/Surface 

0.052 

0.061 

0.062 

0.073 

Ai r/Ai r 

0.048 

0.056 

0.057 

0.067 

* Test  conducted  after  top  surface  of  test  panel  reinforced,  see  t“xt . 
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Taoie  12  contains  test  results  on  Ceiling  Test  Panels  No 


3 


(R-ly  insulation  with  2-inch  uninsulated  area).  No.  9 (R- 
insulation  with  1-inch  overlap  of  insulation),  and  No.  10 
insulation  with  ceiling  electrical  fixture) . These  tests 
conducted  at  45°f  mean  with  heat  flow  in  the  upward  direc 
This  configuration  simulates  winter  conditions. 


19 

(R-19 
were 
tion . 
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TABLE  12 


TEST  RESULTS  - CEILING  PANELS 
WITH  ANOMALIES 


CONSTRUCTION 

Panel 

Insulation 

Anomaly 


HEAT  FLOW 


TEMPERATURE  - °F 

Hot  Ai r 
Hot  Surface 
Cold  Surface 
Cold  Air 

Surface/Surface,  Mean 
Surface/Surface,  AT 


RESISTANCE 
BTU~^/hr/sa  ft/°F 

Hot  Air  Film 
Surface/Surface 
Cold  Air  Film 
Total 


CONDUCTANCE 
BTU/hr/sg  ft/°F 

Surface/Surface 

Air/Air 


COMPARISON 

Effect  of  Anomaly  on 
Surface/Surface  "R" 


Test 

Test 

Test 

Test 

8-1 

9-1 

10-1 

7-4 

ceiling 

R-19 

1-2"  space 

ceiling 

R-19 

1"  overlap 

ceiling 

R-19 

electric 

box 

ceiling 

R-19 

none 

up 

up 

up 

up 

72.3 

71.2 

71.1 

72.6 

69.8 

69.6 

69.5 

70.9 

20.3 

20.8 

21.4 

20.7 

16.2 

17.8 

18.3 

17.8 

45.1 

45.2 

45.5 

45.8 

49.5 

48.8 

48.1 

50.2 

0.6 

0.6 

0.6 

0.6 

12.7 

19.1 

18.9 

19.1 

1.1 

1.2 

1.2 

1.1 

14.4 

20.9 

20.8 

20.9 

0.079 

0.069 

0.052 

0.048 

0.053 

0.048 

0.052 

0.048 

-34% 

nil 

nil 

Calculated  Effect  of 

Anomaly  on  Surface/Surface 

"R"  (at  75  F mean)  -39% 
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rne  differences  oetween  the  results  from  Ceiling  Test  Panels 
Wo.  7,  Wo.  9,  and  Mo.  10  are  insignificant,  and  show  that  these 
anomalies  (1-inch  overlap,  and  ceiling  electric  fixture)  had 
negligioie  effect  on  the  measured  heat  loss  and  overall  thermal 
resistance.  In  contrast,  tne  effect  of  a 2-inch  uninsulated  area 
(4.2  percent  of  the  insulated  portion  of  the  test  area)  was  a 
reduction  in  the  "R"  factor  by  34  percent.  This  is  equivalent  to 
an  increase  in  heat  loss  of  50  percent. 

The  expected  change  in  surface  to  surface  thermal  resistance 
due  to  the  uninsulated  area  was  calculated  for  Test  Panel  No.  3. 
This  snowed  about  a 39  percent  reduction  in  R factor,  depending  on 
the  assumptions  made.  Considering  the  sensitivity  of  thermal 
resistance  to  the  amount  of  uninsulated  area,  and  the  difficulty 
of  maintaining  exactly  the  uninsulated  area  with  a high  degree  of 
precision,  the  agreement  between  the  measured  and  the  calculated 
values  is  considered  good. 

It  Should  be  emphasized  that  the  observed  effect  of  the 
anomalies  on  the  thermal  performance  was  with  "ideal"  anomalies. 

As  pointed  out  in  TEST  PANEL  CONSTRUCTION,  the  highest  quality  of 
workmanship  normally  expected  in  residential  construction  was 
used.  This  was  necessary  in  order  to  have  a definition  of  test 
conditions  and  reproducioil ity.  With  some  of  the  anomalies, 
especially  wnere  tne  opportunity  for  convection  currents  is 
present,  poorer  quality  of  workmanship  would  be  expected  to 
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si-jni f icantly  reduce  tne  measured  thermal  performance.  This  could 
well  be  a profitable  area  for  further  investigation. 
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CONCLUSIONS 


A.  With  "ideal"  construction  anomalies,  the  thermal 
performance  of  residential  structures  can  be  significantly  poorer 
than  that  predicted  by  ASHRAE  calculations  that  do  not  consider 
these  effects. 


B.  Test  results  of  wall  structures  without  anomalies 
confirmed  ASHRAE  calculated  thermal  performance  for  both  R-11  and 
R-7  insulation  in  the  wall  cavity. 

C.  The  good  agreement  between  measured  and  calculated 
tnermal  performance  of  wall  structures  required  the  use  of  actual 
test  data  in  the  calculations  for  the  thermal  resistance  of  the 
insulation,  gypsum  ooard  facing,  sheathing,  etc.;  using  ASHRAE 
"nominal"  values,  the  agreement  between  measured  and  calculated 
performance  was  less  close,  but  still  probably  satisfactory  for 
most  engineering  purposes. 


D.  The  small  remaining  discrepancy  could  oe  caused  by 
thermal  short  circuits  of  the  metal  fastenings  (nails,  screws)  for 
tne  gypsum  ooard  and  sheathing  to  tne  studs;  from  a practical 
standpoint  this  effect  is  of  small  consequence. 


HOQEDlNa  PiO*  BLAMWiOT  FI 
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E.  Due  to  the  effect  of  tempecatuce  on  the  tnecmai 
performance  of  wall  structures,  the  actual  beat  loss  under  typical 
winter  conditions  (43°F  mean)  is  aoout  10  percent  less  (better) 
tnan  that  predicted  under  nominal  conditions  (75°f  mean);  under 
summer  conditions  (95°F  mean) , the  performance  is  aoout  10  percent 
greater  (poorer)  than  under  nominal  conditions. 

F.  A wall  structure  with  R-11  insulation,  but  with  4.2 
percent  of  the  insulation  test  area  uninsulated,  had  13  percent 
less  thermal  resistance  than  the  reference  wall  fully  insulated. 

G.  Calculations  of  the  expected  thermal  performance  with  the 
above  anomaly  confirmed  tne  13  percent  decrease  in  "R"  value. 

H.  Addition  of  an  electrical  box  to  an  R-11  insulated  wall 
had  negligible  effect  on  the  thermal  performance. 

I.  Because  of  the  air  spaces  on  either  side  of  the 
insulation  in  a wall  cavity  with  R-7  insulation,  anomalies  in  an 
R-7  insulated  wall  affected  thermal  performance  to  a more  serious 
degree  than  with  an  R-11  insulated  wall. 

■J.  With  4.2  percent  uninsulated  area,  located  at  the  top  and 
Dottom  of  the  test  area  to  encourage  natural  convection,  the 
thermal  performance  of  an  R-7  wall  was  reduced  38  percent  (heat 
loss  increased  39  percent) . 
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K.  Addition  of  an  electrical  box  to  a wall  with  R-7 
insulation  reduced  the  "R"  value  by  9 percent. 

L.  Agreement  oetween  measured  and  calculated  tnermal 
performance  for  R-19  insulated  ceiling  structures  was  not  as  close 
as  was  found  for  walls. 

M.  At  tne  same  mean  temperature,  tne  thermal  resistance  of 
ceiling  structures,  with  heat  flow  up  was  about  equal  to  that  with 
heat  flow  down;  tnis  was  expected  from  the  calculated  thermal 
performance . 

(.■J.  "Vith  4.2  percent  uninsulated  area,  the  thermal 
perforfiiance  of  a R-ly  insulated  ceiling  was  reduced  34  percent 
(heat  loss  increased  5U  percent) . 

0.  Calculations  of  the  expected  change  in  thermal 
performance  with  the  aoove  anomaly  confirmed  approximately  the 
observed  results. 

R.  The  loss  in  overall  performance  with  small  gaps  in 
ceiling  insulation  is  probably  more  se’'ious  than  mpst  installers 
are  aware  of. 


) 
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Q.  With  careful  installation,  neither  a 1-inch  insulation 


overlap  nor 
the  thermal 


an  added  electrical  box  had  an  appreciable  effect  on 
performance  of  a R-19  insulated  ceiling  structure. 
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APPENDIX  A 


FHA  MINIMUM  PROPERTY  REQUIREMENTS 


FOR  INSULATION  (1954) 


APPENDIX  B 


I.' 

I 
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FIGURE  L 

All  Weather  Comfort  Standard 


Recommended  practices  tor  Ir^sutating,  ventilating,  shading  and 
related  factors  for  improved  comfort  and  economy  in  electrically 
heated  and/or  air  conditioned  homes. 


Paul  W.  Emier,  vice 
president,  American 
Electric  Power  Service 
Corp.,  New  York,  N.  Y., 
in  a speech  at  the  First 
National  Electric  House 
Heating  Exposition,  Chi- 
cago, on  March  21st, 
introduced  and  de- 
scribed the  new  All 
Weather  Comfort 
Standard  for  electric- 
ally heated  and  dr  air 
conditioned  homes.  Here  are  some  pertinent  excerpts 
from  his  talk,  followed  by  the  Standard,  itself. 

TN  S<*|ili‘iiil'ri  Ilf  ii  iiiiiiiil  lalilf,  iitl('ri<le(l  liy  iv|iiv- 
aeiilalis i‘s  nf  llu-  iiisulalinii,  pla.'s  niiil  elertric  liealiii" 
equi|<iiii-iil  inaiiiifartiii'i'is.  i\KMA,  NMWA,  KKf)  and  ihe 
ulililirs.  i\as  held  In  discuss  the  iiisulaliiin  |)inhlem.  A 
itnall  ii-iiri-M-nlalive  eiiiinnillee  lonk  nii  the  task  nf  de- 
velo|»iii_a  nnikahle  insiilatinii  slniidards.  This  cnniniittee 
had  the  sahiahle  a'sistaine  nf  uhal  I still  call  a shirt- 
jleese  i niiiiiiilli'e  the  lerhiiii  al  iienjile  frnin  niaiiy  nf  the 
coin|ianirs  ii'pri-M'iileil  at  the  iiisidatinii  rnuiid  table.  As 
a result  nf  this  ssnik.  the  ness  All  W eather  Cninfnii  Stand- 
ard Inr  eleeliteally  healed  and  air  eiindilinned  hnines 
nhieh  sie  are  (iresentinp  Inday  ssas  Imrn.  This  Standard 
is,  1 heliese.  ••nin|ilelels  |irui'tieal  and  ss'nrkahle.  and  meets 
the  shiirleiiininps  nf  niir  pies  intis  iveniniiiendaliniis  fnr 
insulalinp  the  eleelriiulls  healed  and  air  eiindilinned 
lioine, 

I’erlnrinaiiee  i>  the  kes  In  the  lies.'  .Standard — perfniin- 
anre  niea-ured  Issn  ssass.  The  first  is  nser-all  perfnrinanee 
— the  Htnh  heat  Inss  hased  nil  the  tnlal  stpiaie  fnnt  area  nf 
the  hniise.  I his  is  not  just  niie  Inss  fipiire  fnr  the  entire 
cuuiitrs  lint  rather  sarintis  Inss  fipnres  fnr  dilTerenl 
weather  zmies  in  the  ennnii  s . Valin  s saiy  frnin  -ft)  Itliili 
per  .Mpiare  fnnt  in  an  user  iilKII)  depiee  das  area  tn  2i!  Htnh 
per  sipiare  fnnt  in  an  under  iittIHI  depree  da)'  area.  In 
ailililinn  In  this  nser-all  heal  Inss  fipnre.  separate  ihernial 
|K‘rfnriiianre  sallies  are  rei  nniiiieiiiled  fnr  the  sarinns 
itiui'liiial  p.irls  Ilf  the  lintise.  If  the  thernuil  perfnrinanee 
values  ris  niiiineiiiled  fnr  the  iinlis  iihial  parts  are  aeliially 
atlaiiieil.  the  tntal  heat  Inss  fiuiire  reeninineiided  svill  pen- 
eralls  he  aehiesed. 

Hs  iisin”  these  litn  sets  nf  iherinal  pel  fnriiiaiiee  reenin- 
nieiidaliniis.  tin-  tntal  heal  In-s  nf  the  lintise  and  individual 
ihernial  perfnrinanee  salui-s  fnr  the  sarinn.s  eleinenis  nf 
the  linu.-e,  Ilexihilils  nf  desipn  is  pnssihli-  sshieh  ssas  lint 
pnssilile  ssilh  nur  nider  reeiiinineiidalinns.  Fnr  e\ainple,  if 
It  IS  lint  piailii'ul  In  attain  the  m'ninineiided  iheinial  |m-|'- 
fnriiiaili'e  in  the  hniise  ssall.  it  ni.is  he  pnssihle  tn  add 
iiinie  than  rei'iiinnienili'd  iiisnialinn  in  the  eeilinp  and 
llieiehs  keep  the  tnlal  he.it  Inss  nf  the  slriielnie  ss'ilhiil  the 
reenniineiiiteil  liniils.  '|  he  nliji-elive  is  In  eniilrnl  tnlal  heal 


Inss  and  attain  a sutisfaelnry  (xonninieal  heotiiiir  and 
I'nnlini!  iiislallalinn  rather  than  to  dielale  s|H-('ifieally  and 
ripidls  the  iherinal  |K-rfni  iiianee  nf  every  element  of  the 
slriielure.  On  the  niher  hand,  it  s-.'ill  lie  possihie  in  inuny 
sliueliires  In  keep  the  total  heat  loss  lielnw  the  figure 
siippesled  ill  the  ness  Slandurd  hy  insulaliiig  all  elements 
nf  the  slrueltire  sn  that  their  thermal  iierfurmance  ss'ill  lie 
eipi.il  In  or  heller  than  values  suggested  in  the  Standard. 

This  ness'  All  Weather  Cianfurt  Standard  has  Iieen  suh- 
milled  for  ueeeplanee  In  iinlividual  manufacturers  of  heat- 
ing ei|uipiiient,  iiisuhilion,  glass  aiul  air  conditioning 
eipiipment.  In  trade  ussoeialiuns  such  ns  National  Elcclri- 
eal  Muiiufaelurers  Assneiatinn,  National  Association  of 
Home  Builders.  National  Mineral  Wool  Association,  Air 
Cniidilinniiig  and  Kefrigeralioii  Insliliile,  National  Warm 
.\ir  Heating  and  Air  (aindiliutiing  Assneialion  and  Edison 
KleC'lrie  Insliliile,  as  svell  as  a numher  of  individual  elec- 
tric utilities.  Many  acceptances  have  already  heen  received 
and  the  .Slandurd  is  heiiig  considered  hy  other  individual 
enmpaiiies  and  associations  sshn  have  not  yet  made 
decisions. 

At  the  present  lime  there  is  no  one  official  sponsor  fur 
the  Standard  hut  it  is  onr  plan  tn  have  it  sponsored  hy  a 
group  which  will  ulfiiriall)  reprt-seiU  the  companies  and 
assneialions  haring  a dircet  interest  in  in.9ulnling  the 
eleelrically  healed  and  air  cnmlilioned  home. 


ALL  WEATHER  COMFORT  STANDARD 

Purpose 

Tn  encourage  good  insulation  practice  so  the  owner 
will  henefit  from: 

1.  I.nwer  first  cost  of  holh  healing  and  Cooling  equip- 
meiil. 

2.  Lower  nperalliig  cost  fnr  hnlh  healing  and  cooling, 
(irealer  eninfnrt  fnr  the  <H-cupanls  during  hnlh  the 
heating  and  enniing  seasons. 

Objectives 

To  estahlish; 

1.  Iteenmmendeil  Iherinal  perfornuiiiee  values  for  elee- 
trieally  heale-il  homes. 

2.  Ueenmmeiid  maximum  summer  heat  gain  for  air- 
eniidilinned  hnines. 

it.  Ki-spniisihilily  fnr  insulalinii  i|ualil)'  and  appliea- 
tinn. 

RECOMMENDED  THERMAL  PERFORMANCE  VALUES 
FOR  ELECTRICALLY  HEATED  HOMES 

W hen  hased  on  an  infillralinii  rule  of  oiie  air  change 
pel  liniii,  the  heiil  Inss  rallies  in  Tuhle  I,  rvhieh  are  ex- 
pressed ii:  Ittiih  per  si|  ft  of  linnr  urea  nf  the  space  tn  Iwr 
he. lied  In  the  eniiifni'l  lerel.  ineasnreil  tn  the  outside  of 
exieiini  wall,  will  generally  he  aehieved  rvilh  the  tiH-rnial 
pel  f I'ltiiince  xulin-s  recuiiiineiirled  in  Tuhle  11. 
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TABLE  1— RECOMMENDED  HEAT  LOSS  VALUES 


Dsgrc*  D«y« I Bluh  per  tq  ft  | Wafts  per  s'l  ft 

Over  8000  40  1 1 7 

7001  to  8000  38  11.3 

6001  to  7000  35  10  3 

5001  to  6000  32  9.4 

3001  to  5000  30  8.8 

Under  3001  28  8.2 


TABLE  II— THERMAL  PERFORMANCE  VALUES  FOR 
VARIOUS  BUILDING  SECTIONS 


Building  Section 


U Value* 

Blu  per  (hr)  ($q  ft)  (F) 


Coiling 

Frame  Walls 

Masonry  Walls 

Floor  over  vented  spaces 

Floors  over  unheated  basements 

Slab  edge  heat  loss 


0.05 

0.07 

0.12 

0.07 

0.09 

30  Btuh  per  linear  foot 


* Calculated  in  accordance'  with  the  method  described  in  current 
ASHRAE  Guide,  before  correction  for  framing. 


These  values  may  need  iinpros’eineiit  in  severe  climates, 
when  ceiling  heat  is  used  or  when  glass  areas  constitute 
a larger  percentage  of  gross  wall  area  than  provided  for 
in  the  estahlishment  of  the  values. 

Wcatherstrip|)ing,  douhic  glazing  and  storm  doors 
should  be  used  as  resjuired  to  meet  the  values  in  T’nhle  I 
and  for  comfort  and  o)H“ia1iirg  eeonomy. 

It  is  recommended  that  inriltratioii,  natural  and 
mechanical  ventilation.  va|)nr  harrier  and  slab  on  grade 
heat  loss  considerations  he  guided  by  the  excerpts  eon- 
tainesi  in  the  Appendix. 

It  is  recoimnended  that  sections  between  regularly  and 
periodically  healed  spaces  be  insidaled  when  the  temper- 
ature difTcrence  between  them  is  cxireclcd  to  be  more 
than  20  deg  F. 

It  is  lecommended  that  fireplaecs  be  provided  with 
tight  fitting  dnni|)ers. 

RECOMMENDED 

MAXIMUM  SUMMER  HEAT  GAIN 
FOR  AIR  CONDITIONED  HOMES 

It  is  recommcndi-d  that  the  total  ealcnlaled  heat  gain 
to  all  space  to  be  cooled  to  the  com  fort  level  not  exceed 
2.5  Btuh  per  srj  ft  of  floor  area  of  this  space,  measured  to 
the  outside  of  exterior  walls,  when  ealeulaleil  from  the 
data  contained  in  the  current  ASIIBAF,  Guide. 

It  is  reennimeiided  that  consideration  be  given  to  shad- 
ing glass  areas  by  natural  or  ineebanieal  means  in  order 
to  minimizu  sun  efTeet. 

The  recommended  maximum  beat  gain  value  can  gen- 
erally  be  aehieved  with  the  |)erformanec  values  recom- 
mended in  Table  II  when  eonsideralion  is  given  to  shad- 
ing of  glass  are.as. 


RESPONSIBILITY  FOR 

INSULATION  QUALITY  AND  APPLICATION 

The  insulation  maimraeliirer  shall  be  responsible  for 
the  (piality  of  material  and  when  rei|uircd  shall  certify  to 


its  perfoi manei-  when  installed  in  accordance  with  hil 
a|i|illi'atli,n  standards. 

The  insulation  applicator  shall  be  responsible  for  in- 
slidling  llie  nialcrial  In  accordance  with  tin-  inamifactur- 
er’s  recommendations  and  shall  so  certify  wlien  required 
to  do  so. 


APPENDIX 

INFILTRATION  HEAT  LOSS 

Quoted  from  FI  I A Tcchnieal  Circular  No.  7,  Revised  ■ 
August.  10.59,  “Heat  I,oss  Cnlctdalions”.  i 

One.  air  change,  per  hour  may  lie  assumed  a reasonable  . 
average  for  estimating  the  inrdtration  heat  lo.ss.  Infiltra-  ' 
lion  values  caleulated  on  the  basis  of  the  “crack  meihod’’  j 
arc  considered  acceptahle.  provldcrl  the  result  is  not  lets  j 
than  the  equivalent  of  % air  change  jicr  hour.  1 

VENTILATION  OF  STRUCTURAL  SPACES 
Objective 

To  provide  natural  ventilation  of  spaces  such  as  altin 
and  has-mcntlcss  spaces  to  minimize  llie  effect  of  condi- 
tions conducive  to  decay  and  deterioration  of  the  structure 
and  to  reduce  attic  licat  in  the  Snimner. 

General 

Net  free  area  of  an  ojirniiig  is  the  total  unolrstructed 
area  through  which  air  ran  pass. 

Basementless  Spaces  (Crawl  Spaces] 

At  least  4 foundation  wall  ventilators  shall  lie  provided, 
one  located  close  to  each  corner  of  the  space.'  having  an 
aggregate  net  free  ventilating  area  not  le.«s  than  1/150 
of  the  area  of  the  hasemcnticss  spai'es;  or 

Ground  surface  treatment  shall  l>c  provided  in  the  form 
of  a vapor  harrier  material  plus  at  least  2 foundation  vrall 
ventilators  having  an  aggregate  net  free  ventilating  am 
not  less  than  1/1.50  tlie  area  of  the  l>a.«emi-nlless  spare. 

Attics  and  Spaces  Between  Roofs  and  Top  Floor  Ceilings 
Provide  cross  ventilation  for  rarh  separate  spoce  by  j 
vontilaliiig  openings  j>rote«:tc«l  against  the  entrance  of  \ 
rain  and  snow.  j 

Ratio  of  total  net  free  ventilating  area  to  area  of  «Til-  i 
ing  shall  be  not  less  than  1/150.  exeept  that  ratio  may  be 
l/.TOt)  provided:  | 

a.  A vapor  barrier  having  a transmission  rale  not  ex- 
ceeding one  perm  is  installed  on  the  warm  side  of 
the  ceiling:  or 

b.  At  least  .SO'ii  of  the  ri-<|nired  ventilating  area  is 
provided  by  venlilalors  loealed  in  the  iip|>er  yiortion 
of  the  spare  t v be  ventilated  (at  least  .V-O"  aWe 
eaie  or  rornire  vents)  with  the  lialanee  of  the  re- 
ipiired  ventilation  provided  bv  i-ave  or  eornier  vents. 

MECHANICAL  VENTILATION 

Objecflve 

T K provide  meelumieal  ventilation  for  lialbroom*  and 
kilebens  not  vi'iilllaled  by  natural  iiuaiis. 

Bathrooms 

I an  <hall  have  -idlieieiil  eapaeilv  to  pioviilc  a inininiiini 
of  twelve  air  changes  per  liotir. 
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TABLE  lO-l— SLAB  EDGE  HEAT  LOSS  FACTORS 


Heat  Loss  Coefficient.  F 

Outdoor 

design 

temporature 

(OogF) 

Total  width 
of  insulation 
(inches) 

(Btuh  per  linear  foot  of 

Unheeted  Slab  j 

eiposed  slab  edge) 

Heated  Slab 

i R = 5.0  1 

1 R = 3.33  1 

R = 2.50  j 

R — 5.0  1 

R— '3.33  1 

R = 2.50 

->30  and  colder 

24 

34 

51 

57 

45 

59 

92  j 

-25  to  —29 

24 

32 

48 

54 

44 

55 

88  1 

-20  to  —24 

24 

30 

45 

50 

41 

51 

82  > 

-15  to  —19 

24 

28 

43 

57 

39 

59 

78 

-to  to  —14 

24 

27 

40 

54 

37 

55 

74 

- 5 to  — 9 

24 

25 

38 

51 

35 

52 

70  1 

0 to  — 4 

24 

24 

35 

48 

32 

48 

54 

-I-  5 to  -f  1 

24 

22 

33 

44 

30 

45 

50 

■ftO  to  -f-  6 

18 

21 

31 

42 

25 

38 

50 

-1-15  to  +11 

12 

21 

31 

42 

25 

38 

50 

+20  to  +15 

edge  only 

21 

3t 

42 

25 

38 

50 

Motes: 

R = Thormal  Resistance  of  Insulation. 

Use  F = 40  for  unheated  slabs  or  F = 75  for  heated  slabs,  if  perimeter  insulation  is  not  used. 
Table  from  F.H.A.  Circular  No.  300,  Minimum  Property  Standards  for  I and  7 Livin9  Units. 


( 


Kitchens 

Fan  shall  lia\c  sulTu  iciil  cajiacily  to  pro- 
vide a iniiiiiiiuni  uf  15  air  t haiigos  per  hour 
in  area  occ-iipioil  l>y  kitclicti. 

VAPOR  BARRIERS 

Walls 

A vapor  harrier  shall  he  installed  on  the 
warm  side  of  the  walls  when  the  U value  of 
the  wall  is  ininiri  ieally  less  than  0.25. 

Ceilings 

Install  on  narni  side  of  ceiling  when  a 
vapor  harrier  is  provided. 

Roof  Decli 

When  roof  deck  material  is  also  the 
finished  ceiling,  a vapor  harrier  having  a 
vapor  permeance  of  not  more  than  perm 
shall  be  inslallcil  near  the  warm  side  of  the 
construction  in  areas  having  a design  tem- 
perature of  1(1  ileg  F or  lower. 

Concrete  Slabs  and  Basementless  Spaces 

Maximum  v.ipor  lu-rmeatice  shall  not  ex- 
ceed perm  for  vapor  harrier  utider  con- 
crete slabs  and  1 |)erm  for  ground  cover 
M crawl  spa( c. 

SLAB  ON  GRADE  HEAT  LOSS 

lll.lll.•ll.  ..f  heal  loss  through  con- 
rreSr  .Ijli  ll.xii . shall  Ih*  made  using  the 
foioiid.i; 

M t I’  wlHtc: 

o sf  l . iif  ill.-  )l».iir,  lituh 

■ . .n  ffi.  h ot,  Kiiih  per 

— . -a  .(  • dgr,  from 

. I > • <1  < tl|f . *«f  I li« 


Here's  whaf  NMWA  did 

with  the  All  Weather  Comfort  Standard 

IVATKTN'M.,  Mineral  Wool  .Association  nicuiber  companies  first  de- 
^ cided  tj  aceejit  the  All  Weather  Comfort  Standard.  Tlien  they 
unanimously  voted  to  recommend  “installed  resistance”  designations  as 
a means  of  showing  which  specific  mineral  wool  products  are  suitable 
for  ceiling,  wall  or  floor  application. 

According  to  F.  II.  Sides,  NMWA  e.xecutive  officer,  the  definition  of 
“installed  resistance,  K”  is  the  resistance  of  the  mass  insulation  itself, 
|>lus  the  resistance  values  of  the  air  spaces  and  surfaces  that  come  into 
existence  when  the  insulation  is  installed,  lie  added  that  NMWA  is 
recommending  to  its  memhers  that  in  the  future  they  mark  all  iiiiticral 
wool  batls  and  blanket:  with  ap|iropriate  “U”  numbers.  When  a )>ar- 
ticular  jiroduct  is  suitable  fur  u.se  in  dilTerent  structural  sections  of  a 
house,  considering  the  dilTcrcnt  directions  of  heat  flow  involved,  the 
labeling  will  include  “Iv"  factors  fur  each  opplication. 

How  is  “11”  determined?  Merely  by  taking  the  reciprocal  of  the 
recommended  “U”  value  for  any  structural  section  to  convert  it  into 
total  units  of  resistance.  From  (his,  you  subtract  the  inherent  thermal 
resistance  values  of  the  building  materials  used  in  that  structural  section 
(siding,  sheathing,  wallboard  or  ]>laster,  etc.),  plus  the  value  of  the 
ruum-sidc  surface  resistance.  The  balance  is  the  installed  resistance 
requirement  of  the  insulation,  denoting  the  “R”  lalieling  of  the  jiroduct 
that  shoidd  he  used. 

For  typical  ceiling,  wall  and  floor  sections.  Table  A shows  the  “R” 
values  which  conform  to  the  “U”  values  of  the  All  Weather  Comfort 
Standard  for  electrically  heated  and/or  air  conditioned  homes.  In 
addition,  it  presents  NMWA-recommendc<l  “U”  and  “R”  values  for 
gas  or  oil  heating  and  for  minimum  acceptable  comfort. 


TABLE  A— RECOMMENDED  INSTALLED  RESISTANCE  |R)  VALUES 
OF  INSULATION 


Building  | 

Section  I 

Electric  Heating 
and/or 

Air  Conditioning 

Gas  or  Oil 
Heating  (No 

Air  Conditioning) 

Minimum 

Acceptabio 

Comfort 

1 

u 

1 R 1 

1 u 

1 R 1 

1 U 1 

I R 

Ceilings  

. .05 

19 

.07 

13 

.10 

9 

Frame  Walls  . . . 

.07 

tl 

U)9 

8 

.11 

7 

Floor  over  vented 
Crawl  spaces 

.07 

13 

.09 

9 

.11 

7 

Ea«mpU.  IntuUfion  applied  to  typicol  w«li  construction  for  on  •i•ctric•lly•ll•«t•d 
Homo  should  bo  Ubotod  R*ll.  This  fulfills  total  rosistonco  roquiromont  for  U voluo 
of  .07  Itu  por  (hr)(sq  ft);F).  , 
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APP3NDIX  C 


JfODEDlND  PiOl  BUJOUMOT  Tli 
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L 


MINIMUM  PROPERTY  STANDARDS 

for 

ONE  AND  TWO  LIVING  UNITS 

(Portion) 


( 
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713  VAPOR  BARRIERS 


714  THERMAL  INSULATION 


713-1  Test  flata  indicating  the  vajK)!-  transmission 
rate  determined  in  accordance  with  AS  l'.M  dry  cup 
methods  may  be  i"eqnircd  for  barriers  used  in  walls 
and  coilin^rs. 

713-2  WALLS 

Except  for  unfurred  masonry  walls,  a vapor  barrier 
havinp  a vapor  transmission  rate  not  exceeding  1 
perm  shall  be  installed  on  the  warm  side  of  the  walls 
when ; 

a.  The  value  of  the  wall  is  numerically  less 
than  or 

b.  The  wall  has siiling, sheathing, sheathing  pai)er. 
or  combinations  of  other  materials  on  the  cold  side 
of  the  wall  which  materials,  as  applied,  have  a 
vapor  transmission  rate  of  less  than  5 perms 
(ASTM  dry  cup). t 

713-3  CEILINGS 

When  a vapor  harrier  is  provided  in  ceilings,  trans- 
mission rate  of  vapor  barrier  shall  not  exceed  1 
perm.  Install  on  wann  side  of  ceiling.  See  G04^. 

713-4  ROOF  DECK 

713—4.1  Wien  a wood  jilank,  fiherboard,  or  other 
roof  deck  material  is  also  the  finished  ceiling  surface, 
a vapor  barrier  having  a vapor  ])erineancc  of  not 
more  than  'J,  perm  shall  be  installed  near  the  wann 
side  of  the  const  ruction  in  areas  having  a design  tem- 
perature of  10  degrees  F.  or  lower. 

713—4.2  .loints  at  sides  and  ends  of  liba'ihoaid  roof 
deck  shall  Iks  de.signed  to  provide,  effective  sealing  of 
vapor  barrier. 

713-5  CONCRETE  SLABS  AND  BASEMENTLESS 
SPACES 

713-5.1  .Materials  used  for  vapor  barriers  shall 
comply  with  FH.\  ‘•Test  Piwedure  for  Vapor  Bar- 
rier Materials  under  Concrete  Slabs  and  for  Ground 
Cover  in  Crawl  S))ace.s'",  dated  September  20,  1957. 

713-5.2  Test  data  indicating  compliance  niay  be 
required. 

713-5.3  .Maximum  vapor  permeance  shall  not 
exceetl : 

a.  ■/.  perm  for  vapor  barrier  under  concrete  slabs. 

b.  1 pet  III  for  ground  cover  in  crawl  spaces. 


714-1  STANDARDS 

Installationsshall  comply  with  the  following: 
714-1.1  Balls,  Blankets,  etc.: 


Stnicturnl  fiber  losulatlon  board C.S.  42 

Wood  fiber  blanket C.S.  160 

Mineral  wool F.S.  HH-I-621 

Vecetnble  or  wood  fiber F.S.  HH-I-SIS 

Redwood  bark,  shredded F.S.  LLL-I-533 

Veriiilcullte F.S.  HH-I-585 

Cotton  baths... F.S.  HH-I-628 

Expnndetl  polystyrene  insulation 
board F.S.  HH-I-524 


Insuintinii.s,  siicli  ns  reflective  t.vi)e.s.  combination  reflec- 
tive halt  or  blanket  tjiie  mineral  wool  blankets,  low- 
densitj  mineral  wools,  and  other  materials  not  covered 
by  ovisting  standards  may  be  considered  for  use  on  the 
basis  of  tests  conducted  In  accordance  with  ASTM,  C.S. 
131  or  other  recognized  methods. 

714-1.2  Roof  Insulation 


Fiherboard ASTM  C-208,  Class  0 

or  F.S.  IiLI/-I-535 

Cellular  glass F.S.  HH-I-55la 

Cnrklxiard  F.S.  HH-I-561b 

Mineral  wool F.S.  HH-I-626a 

Expanded  iierlite. F.S.  HH-I-526n  mod- 


Ifleil  to  permit  the  haste  material  to  be  a'mineral  sub- 
stance made  of  rock,  slag,  or  a mixture  thereof,  processed 
from  a natural  state  Into  fibrous  or  cellular  form  with 
a minimum  density  of  8 pounds  per  cubic  foot.t 

714-1 .3  Fiberboard  insulating  roof  deck  shall  com- 
ply with  FI  I A Use  of  Materials  Bulletin,  No.  UM- 
•211,  ‘•.^tructuial  Fiherboard  Insulating  Roof  Deck.”) 

714-1.4  \enniculifc  fill  insulation  for  masonry 
cavity  walls  shall  comply  with  FHA  Use  of  Materials 
Biillclin,  No.  UM-.'IO,  “Vemiiculite  Water-Repellent 
Ma.sonry  Fill  Insulation. '’f 

714-1.5  Perimeter  insulation  .shall  comply  with 
FII.V  test  priKcdure,  “Test  Procedures  to  Determine  , 
Acceptability  of  Perimeter  Insulation  for  Concrete 
Floor  or  Ground'’,  dated  June  1, 1956.f 

714-2  LABELING 

714-2.1  Balt  or  blanket  type  not  having  reflective 
surfaces 

n.  Nameof  manufacturer  or  distributor. 

1).  .Specified  thickness. 

714-2.2  Reflective  Type 

a.  Name  of  manufacturer  or  distributor. 

1).  De.'ignation  of  tyi>e  or  number. 
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714-2.3  Combination  boti  or  blanket  with  reflective 
surface 

a.  Nairn;  of  inamifacf  ui-or  or  distributor. 

b.  Siwcilied  tbicknc.ss. 

c.  Drsipnatioii  of  type  or  miml>er. 

714-2.4  Labeling  may  be  by  printing,  stamping, 
enibos.sing,  or  otlicr  means  applied  at  the  manufac- 
turer’s plant.  Laljeling  sliull  be  applied  so  that  at 
least  one  label  will  occur  for  each  40  lineal  feet  of 
installed  insulation. 

714-2.5  Where  blowing  or  jiouring  type  insulation 
is  used,  a card  signed  by  the  builder  shall  be  afli.xeil 
to  the  structure  adjacent  to  the  insulation  with  the 
following  information : 

a.  Name  of  manufacturer  or  national  distributor 
and  trade  name  of  insulation. 

b.  Specified  thickness  of  insulation  and  manufac- 
turer’s recommended  installation  density. 

c.  Date  of  installation. 

714-3  INSULATION  OF  LIVING  UNITS 

Living  units,  other  than  those  heated  with  electrical 
energy  (direct  or  indiiect  resistance,  or  heat  pump), 
shall  comply  with  the  following: 

714—3.1  Total  Heat  Loss 

The  total  calculated  heat  loss  of  the  living  unit  shall 
not  exceed  50  Btuli  jier  sq.  ft.  of  the  total  floor  area 
of  the  space  to  lie  heated  to  70°  F.  measured  to  the 
outside  of  exterior  walls. 

714—3.2  Heat  Loss  Through  Ceilings 

Ceiling  below  an  imheated  space  shall  have  a maxi- 
mum cocflicient  of  heat  transfer  (“U”  value  for  heat 
(low  up)  of: 

a.  O.Ofi  for  ceilings  with  heating  panels. 

b.  0.1.5  for  ceilings  without  heating  panels. 

714—3.3  Heal  Loss  Through  Vertical  Surfaces 

I'lie  total  heat  loss  (excluding  infiltration  loss) 
through  all  exterior  walls,  doors,  windows,  etc.,  shall 
not  exceed  .30  Btuli  per  .sq.  ft.  of  total  floor  area  of  the 
spaces  to  lie  heated  to  70°  F. 

714-3.4  Heat  Loss  Through  Floors 

a.  The  heat  loss  througli  floors  over  unheated 
ba.sements,  crawl  spaces^  breezeways  and  garages 
shall  not  exceed  15  Btuli  iier  sq.  ft.  of  floor  area. 
For  the,  purpose  of  this  requirement  only,  the  fol- 
lowing notes  shall  apjily: 

Xoff  /.  A ba.seinent  shall  be  considered  unheated 
unless  it  is  provided  with  a positive  heat  supply 
equivalent  to  at  least  15%  of  the  total  calculated 


heat  loss  of  the  living  unit,  or  contains  the  heat- 
ing unit  and  uninsulated  ducts  or  piping. 
iVote  2.  A crawl  space  is  considered  unheated 
unless  it  is  (a)  provided  with  a positive  heat 
supply  equivalent  to  at  least  10%  of  the  total 
calculated  heat  loss  of  the  living  unit,  or  (b) 
contains  uninsulated  ducts  or  piping,  or  (c)  is 
used  as  a supply  or  return  plenum. 

Xote  3.  .V  garage  is  considered  unheated  unless 
provided  with  a |>ositive  heat  supply  to  iiminiain 
a minimum  temperature  of  50  degrees  F. 
b.  Perimeter  insulation  shall  be  installed  to  limit 
the  heat  loss  from  heated  or  unheatecl  concreie 
slab-on-grade  floors  to  not  more  than  5 Blub  |)er 
sq.  ft.  of  floor  area  except  that  jierimeter  insulation 
may  be  omitted  in  any  area  where  the  annual  de- 
gree days  do  not  exceed  2,800  or  the  heating  ile- 
gree  days  in  any  one  month  do  not  ezceeci  C50. 
See  1003-3.3. 

714—3.5  Crawl  Space  Plenums 

Where  a crawl  space  is  used  ns  a supply  or  return 
plenum,  the  crawl  space  perimeter  wall  shall  be  insu- 
lated to  provide  a maximum  heat  loss  of  36  Btuh  i>er 
lineal  foot  of  iierimeter  wall  assuming  a crawl  space 
air  temperature  of  70°  F.  for  return  plenums  and 
1 10°  F.  for  supply  plenums.  5>ee  1003-I4.3c. 

714-3.6  Blowing  or  |)oiiring  type  insulation  shall 
not  be  installed  in  attic  space  where  clear  hendi-oom 
is  less  than  3ii  inches  at  a |)oiiit  12  feet  fnuin  exterior 
walls.  When  eave  vents  are  installed,  adequate 
ballling  shall  be  piwvidwl.* 

714-4  INSULATION  OF  LIVING  UNITS  (ELECTRICAL 
HEATiNGI 

Living  units  heated  with  electrical  energy  shall  com- 
ply with  the  following: 

714-4.1  The  total  calculated  heat  loss  of  the  living 
unit  shall  not  exceed  40  Btuli  |>cr  sq.  ft.  of  total 
floor  area  of  the  spaces  to  be  heated  to  70  degrees  F. 
measured  to  the  outside  of  exterior  walls. 

714-4.2  Paragraphs  714-3.2  througli  7l4-3.fl  in- 
clusive shall  apply  to  electrically  heaterl  houses. 

714-5  INSULATION  OF  LIVING  UNITS  FOR  COOL- 
ING 

714-5.1  When  air  conditioning  equipment  is  pro- 
posed, the  calculated  heat  gain  of  the  living  units 
shall  not  exceed  that  obtained  when  the  floor  area, 
measured  to  the  outside  of  the  exterior  walls,  is  multi- 
plied by  the  Btuh  per  square  foot  value  derived 
through  use  of  Figure  No.  7-b. 
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FIGURE  7b 


Vofc.-  The  FUiih  i)or  sriiinro  foot  Is  obtnlncrt  by  cxteniUnc  n 
line  horlzoiu.TlIy  from  the  iulnt  of  intersection  with  the  tiii- 
proi>riate  design  dry  Inilh  tempeintnre  line.  From  this  point 
extend  n verticnl  line  down  to  the  bottom  of  the  chnrt  nnd 
find  the  ni.oximnni  niiih  |)er  square  foot  heat  gain.  The 
example  shown  on  the  chart  represents  a living  unit  with  a 


floor  area  of  into  square  feet  in  a geographic  area  having 
a design  dry  hiilh  leni|ierature  of  F.  Hy  following  the 
dotted  lines  in  the  dlro*tion  of  the  arrows.  It  will  be  seen 
that  ii  niaxinium  heat  gain  of  22.0  Btuh  |ier  square  foot  of 
floor  area  is  iiennitted.  Thus,  the  maximum  heat  gain  of 
the  exaini'le  living  unit  Is  22.nxiOtO=2.3.ri<M  Btuh. 


714-5  Insulation  of  Living  Units  for  Cooling — Con. 

n.  The  Btuli  per  square  foot  of  floor  area  value 
shown  ill  F'iprure  Xo.  7-b  for  liviiip  units  of  l.qOn 
.square  feet  sliall  ajiply  to  living  units  of  more  than 
1500 square  feet. 

b.  The  Btuh  jier  square  foot  of  floor  area  value 
shown  in  Figure  So.  7-b  for  living  units  of  WMI 
square  feet  .shall  apply  to  living  units  of  less  than 
800  square  feet. 

c.  When  the  outside  design  dry  bull)  teinirerat ure 
is  less  than  90®  F.  the  value  shown  in  Figure  No. 
7-b  for  90°  F.  shall  be  used. 

d.  AVhen  the  outside  design  dry  bulb  temiierature 
is  more  than  105°  F.  the  values  shown  in  Figure 
No.  7-b  for  105°  F.  shall  be  used. 

714- 5.2  Ceilings  I)elow  atticsortop  floor  structural 
spaces  shall  have  a inaxiinuni  coeflicient  of  heat  trans- 
fer (‘*1”’  value  for  heat  flow  down)  of  0.08. 

715  RESILIENT  FLOORING 

715- 1  GENERAL 

715-1.1  I’e.vilient  llorring  shal'  comply  with  the 
approprinie  standanl  as  noted. 

715-1.2  n le  various  type.*  of  resilient  flooring  shall 
Im'  suitable  fo?'  their  intended  use. 


715-2  ASPHALT  TILE 

715-2.1  Minimum  thickness,  Vfe  inch. 

715-2.2  .Vs])hall  tile  shall  comply  with  F.S.  SS-T- 
:t0ll  or  .SS-T-:507.* 

715-3  VINYL-ABESTOS  TILE 
715-3.1  Minimum  thickness,  '/,6  inch. 

715-3.2  Vinyl-asbestos  tile  shall  comply  with  in- 
terim F..S.  I/-T-im).‘145  except  for  thickness. 

715-4  HOMOGENEOUS  VINYL  TILE  OR  SHEET  (UN- 
BACKED) 

715-4.1  Minimum  thickness,  0.0625  inch  (appx. 
I'lr,  inch). 

71 5-4.2  I lomogcncous  vinyl  tile  or  slieet  shall  com- 
ply with  interim  F.S.  I..-F-00-1.50  o.xccpt  for  thick- 
ness. 

715-5  BACKED  VINYL  TILE  OR  SHEET 

71 5-5.1  Wearing  .Surface. : 

a.  t'lear  (uidilled)  vinyl, miniinum thickness, 0.014 
inch. 

b.  Filled  vinyl,  minimum  thickness, 0.020  inch. 
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THERMAL  INSULATION 


714 

714-1  STANElAroS 

Installations  shall  comply  with  the  following: 
714-1..  1 • Batts,  Blankets,  etc: 


Structural  fiber  insulation  board 

C.S. 

42 

Wood  fiber  blanket 

C.S. 

i6o 

Mineral  wool 

F.S. 

HH-I-521 

Vegetable  or  wood  fiber 

F.S. 

HH-I-515 

Redwood  bark,  shredded 

F.S. 

LLL-I-533 

Vermicullte 

F.S. 

HH-I-585 

Cotton  batt 8 

F.S. 

HH-I-5a8 

Perlite 

F.S. 

HH-I-574a 

Expanded  polystyrene  insulation  board 

F.S. 

HH-I-524 

Mineral  fiber,  pouring  or  blowing  type 

F.S. 

HH-I-1030 

Insulations,  such  as  reflective  types,  ccmibination  reflective 
batt  or  blanket  type  mineraLl  wool  blankets,  low-density  mineral 
wools,  am'  other  materials  not  covered  by  existing  standards 
nay  be  considered  for  use  on  the  basis  of  tests  conducted  in 
accordance  with  ASW^  C.S.  131/  or  other  recognized  methods. 

(No  change  In  714-1.2, -1.3and-l.^) 

714- 1.4  Vermicullte  and  jjerlite  fill  insulations  for  masonry  walls 

shall  comply  with  their  respective  Use  of  Materials  Bulletin, 
Nos.  UM-30  and  \JM-37. 

« « « 

715  RESILIENT  FLOORING 

715- 1  GENERAL 

715-1-1  Resilient  flooring  shall  comply  with  the  appropriate  standard 
as  noted. 

715-1*2  The  various  types  of  resilient  flooring  shall  be  suitable  . 
for  their  Intended  use. 

715-2  ASPHALT  TILE 

715-2.1  • Asphalt  tile  shall  comply  with  F.S.  SS-T-312,  Type  I. 

715-2.2  * Minimum  thickness,  l/8  inch. 

715-3  VINYL-ASBESTOS  TILE 

715-3*1  * Vinyl -abestos  tile  shall  comply  with  F.S.  SS-T-312,  Type  IV 
except  for  thickness. 

• Revised  August  I960 
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PHOTOGRAPHIC  DOCUMENTATION 


Identification 

Test 

Photo  Panel 

Number  Number  Detail 


1 

2 

3 

4 


1 Sheathing  Face 

1 Wall  Cavity  Before  Being  Insulated 

1 R-11  Insulation  Being  Installed 

1 Completed  Insulation  & Vapor  Barrier 

Installation 


5 


1 1/2-Inch  Gypsum  Board  Being  Installed 


6 1 Completed  Reference  Test  Panel, 

(Gypsum  Board  Face,  Panel  No.  7 & 

No.  4 Similar) 

7 1 1/2-Inch  Gypsxim  Board  Edge  Protection 

Detail 


8 

9 


10 

11 

12 

13 

14 


4 Wall  Cavity  Before  Being  Installed 

4 Detail  Outside  Convection  Barriers  & 
String  Insulation  Support  (String 
Support  Subsequently  Added  to  8-Inch 
Wide  Cavities) 

4 R-7  Insulation  Being  Installed 

4 Completed  Insulation  & Vapor  Barrier 

Installation 

4 Detail  Warm  Side  Convection  Barrier 

7 Ceiling  Cavity  Before  Being  Installed 

7 Detail  Convection  Barrier  & String 
Insulation  Support 


15 

16 


7 

7 


R-19  Insulation  Partially  Installed 
Vapor  Barrier  (Separate) 
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Photo 

Number 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Test 

Panel 

Number  Detail 

7 Attic  Side  of  R-19  Insulation  (original 
construction  - superseded  by  details  shown 
in  Photos  29-31?  see  text) 

Guarded  Hot  Box  Apparatus  - Warm  Side 
Showing  Metering  Box  & Surrounding 
Guard  Box 

Guarded  Hot  Box  Apparatus  - Cold  Box  Side 

Installation  Test  Panel  No.  1 in  Guarded 
Hot  Box  Apparatus 

Warm  Surface  Temperature  Thermocouples 
(Cold  Surface  Similar) 

Completed  Guarded  Hot  Box  Installation 
Guarded  Hot  Box  Control  Panel 

2 R-11  Wall  With  2-Inch  Wide  Uninsulated 
Area 

5 R-7  Wall  With  2 1-Inch  Wide  Uninsulated  Areas 

3 R-11  Wall  With  Electrical  Box  Installed 

6 R-7  Wall  With  Electrical  Box  Installed 

6 Completed  R-7  Wall  Test  Panel  With  Electrical 
Receptacle  Installed  (Test  Panel  No.  3 
Similar) 

8 R-19  Ceiling  With  1 12-Inch  Wide  Uninsulated 
Area 

9 R-19  Ceiling  With  Batt  Overlapped  1-Inch 

10  R-19  Ceiling  With  Electrical  Box  Installed 

10  Completed  R-19  Ceiling  Test  Panel  With  Ceiling 
Electrical  Fixture  Installed 
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